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1 Introduction 
Rapid development of information and communication technology (ICT) has 
brought it into nearly all areas of everyday living, including craft as both, a hobby 
and a profession. Although opinions that ICT and craft shouldn’t be combined are 
still expressed often, the development is inevitable and therefore it’s vital to un-
derstand how use of ICT affects craft, especially craft-design that is the sole basis 
of craft and determines the nature and outcome of the process of making a craft 
artefact. 
In recent years, increasing numbers of digital design tools, meant for craft-design, 
has been introduced to the market. To retain the unique creative nature of craft, 
especially when new generations of craftsmen emerge that have grown up with 
ICT as a natural part of their everyday lives, deep understanding of possible ef-
fects of digital design tool usage to the craft-design process is needed. This re-
search aims to increase understanding and build theory of this relation of ICT, 
precisely application usage, and craft-design. To gain deeper understanding, it’s 
also vital to assess the quality, especially usability, of the applications.  
The nature of a traditional craft-design process, conducted using traditional de-
sign tools, is well known (see e.g. Anttila, 1993). Similarly, usability in general is 
a widely studied area, although debate of the definition of usability is ongoing 
(see e.g. Nielsen, 1993; McNamara & Kirakowski, 2005). Usability standards 
have existed since 1998 (ISO, 1998; ISO/IEC, 2011). However, little is known 
about how ICT usage affects the craft-design process or about usability of digital 
design tools intended specifically for craft design.  
Goel (1995) and Stones and Cassidy (2010) have studied differences between 
traditional sketching and designing with a digital drawing software. Their findings 
suggest that designers are unable to effectively develop their ideas further with 
digital design tools. Previous studies of Masterton (2007), Philpott (2010) and 
Appiah & Cronjé (2012), among others, suggest that new possibilities and 
limitations of ICT affect the craft-design process by preventing usage of tacit 
knowledge in the design process and by directing designers towards similar 
digital aesthetics and to copying inspiration sources almost directly. Although 
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most of the findings of previous studies suggest that ICT usage has many 
negative effects to the craft-design process, some studies have also found 
positive effects, especially due to new possibilities offered by digital design tools 
(see e.g. Jun-Chieh, Cheng-Chi, & Hsin-Chia, 2012).  
Most of the studies presented above are from other areas of creative design than 
craft. Little is known about effects of digital design tool usage specifically to the 
craft-design process. Therefore the interest arose to study this area. This re-
search focuses on five applications, meant specifically for craft-design. In addition 
to effects of application usage to the craft-design process, evaluating usability of 
the applications and hence finding suitable applications for craft-science students 
to use in their studies was another main interest point of this research.  
Need to study usability of the applications and to find suitable applications for 
craft-science students to use was twofold: Currently usage of such applications 
in craft-science studies is limited to very few applications and occasions, 
eventhough students are expected to use ICT extensively in their future work, 
especially if they become craft teachers. On the other hand, evaluating usability 
of the applications was considered beneficial for studying the effects of applica-
tion usage to the craft-design process. 
This research is a qualitative case study. To enable authentic real-life working 
environment and style for participants and, on the other hand, to gather research 
data remotely that makes the data gathering process more efficient for all parties, 
the researcher and the participants, a remote multi-method was designed for data 
gathering of this research. Development and evaluation of the multi-method was 
the third main focus area of this research. 
In summary, this research had three main objectives: to study usability of appli-
cations meant for craft-design and find the best suited applications for craft-sci-
ence students to use in their studies; to analyze and describe how using the ap-
plications affect students’ craft-design processes; and to develop and evaluate 
the performance of a remote data gathering multi-method to study the two previ-
ous aspects. 
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2 How digital design methods affect the craft-design 
process? 
 
Making things by hand is often considered as a fundamental characteristic of craft 
and one could think that use of digital design tools and Information and Commu-
nication Technology (ICT) doesn’t belong to the area of craft at all. To understand 
how ICT can be combined with craft, it’s important to acknowledge that, although 
making things by hand is important in craft, it doesn’t mean that the whole process 
of designing and making a craft-artefact should be manual nor that all compo-
nents of such artefact should be handmade. Creative use of digital design tools 
and ICT can be combined with craft in many levels without removing the unique 
haptic nature of craft. 
The relationship between ICT and craft-design and other forms of creative design 
is complex. ICT opens new possibilities but also imposes limitations. The influ-
ences of ICT usage to creative design process has been studied from 1990’s, but 
because of ongoing quick development of both, design methods and ICT, con-
stant research in this field is required to understand the current situation and to 
predict future possibilities. 
In this chapter I will first briefly present the theoretical descriptions of creative- 
and craft-design processes and then advance to findings of previous studies on 
how digital design methods affect the craft-design process. The studies pre-
sented, although not all made in the field of craft-science, are applicable to a craft-
design process because of the similar nature of all creative visual design pro-
cesses. 
2.1 Describing the creative design process 
In its simplest form a design process can be described as a problem solving task. 
The design task, need for the design, is the problem. The solution to the problem 
is the design produced as a result of the process. The process could be simple if 
design problems were simple in nature, but they aren’t. Design problems are 
wicked (Buchanan, 1995). Conklin (2005, pp. 7-8) characterizes wicked problems 
though six characteristics (see also Rittel & Webber, 1973, pp. 160-167): 
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1. The problem is not understood until after the formulation of a solution. 
2. Wicked problems have no stopping rule. 
3. Solutions to wicked problems are not right or wrong. 
4. Every wicked problem is essentially novel and unique. 
5. Every solution to a wicked problem is a 'one shot operation.' 
6. Wicked problems have no given alternative solutions. 
There are many models developed attempting to describe the design process. 
The early ones were mostly linear models where designing was presented as a 
straight forward process that includes predefined steps in a specific order (e.g. 
Cross, 2000, p. 30; Jones, 1963, p. 11). Because of the nature of the design 
problems, however, these models fail to truly characterize the complexity of the 
process. In more recent studies a creative design process is proven to be and 
described as an iterative and spiral process, where different phases of the pro-
cess mix together and repeat until a desired design is achieved (e.g. Cross, 2011, 
pp. 121-126; Anttila, 1993, pp. 107-111; Seitamaa-Hakkarainen, 2000, p. 171; 
Lawson, 1997, pp. 29-48).  
Maybe the most well-known, and cited for, model of the design process is Pahl’s 
and Beitz’s (1996) “Steps of the planning and design process” (figure 1). They 
strived to define all stages of the design process and the iterative nature of the 
process in their model as precisely as possible. The model divides the design 
process to four main stages that is also typical for other design process models 
(Pahl & Beitz, 1996, p. 65; cf. e.g. Goel & Pirolli, 1992, p. 397): 
1. Plan and clarify the task: specification of information 
2. Conceptual Design: specification of principle 
3. Embodiment design: specification of layout (construction) 
4. Detail Design: specification of production 
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Figure 1: Pahl and Beitz design model (Pahl & Beitz, 1996, p. 66; simplified version 
adapted from Cross, 2000, p. 37) 
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Every main stage of the model includes operational main working steps that de-
fine what actually should at least be done during that particular phase of the pro-
cess. These working steps are followed by decision making steps, meaning eval-
uation if the result satisfies the goals set for the stage and what should be done 
next within the process. (Pahl & Beitz, 1996, p. 65.) 
Pahl and Beitz (1996, p. 65) emphasize the iterative nature of the design process 
and point out that the phases can’t be separated from each other. Although the 
phases are listed in a linear form in the model, the process isn’t linear. The phases 
overlap and mix during the process and the process doesn’t move linearly from 
phase one to phase four. Evaluation of results should take place within and after 
every stage and based on that evaluation the process either moves forwards to 
the next stage or reverts back to the previous stages. Evaluation determines di-
rection of the process. 
Anttila (1993, p. 111) has developed a theoretical model specifically for the craft-
design process (figure 2). The design process in the model begins from a first 
vague mental image of an artefact being designed and moves spirally through 
several stages of design, similar to ones in Pahl’s and Beitz’s (1996) model, to 
the final design. Anttila (1993, pp. 209-215) emphasizes the importance of inter-
nal and external feedback throughout the whole process. Evaluation and testing 
are the “forces” that drive the process forwards or backwards and eventually fi-
nalize it. 
Based on the comparison of Anttila’s (1993, p. 111) model to the more general-
ized Pahl’s and Beitz’s (1996) model of design, the craft-design process seems 
very similar to other creative design processes. This conclusion is also supported 
by Seitamaa-Hakkarainen’s research (2000, pp. 169-171). Therefor the studies 
presented in the following chapters, from other fields of creative design research, 
can be assumed to apply to craft-design as well. 
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Figure 2: Theoretical model of craft-design process (Anttila, 1993, p. 111). 
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2.2 How ICT changes design constraints? 
A design process always begins from a design problem that needs to be solved. 
The design problem includes the design task and constraints outlining possible 
solutions. These constraints are called design constraints. In order to understand 
the design problem the designer must recognize and set the design constraints 
that apply to the problem. The design constraints may be flexible or so funda-
mental that there is no room for choice or discussion. The level of flexibility highly 
depends on three aspects: who imposes the constraint; if the constraint is internal 
to the design, so that the designer has control over it; and how fundamental the 
constraint is to achieving the sole purpose of the design. (Lawson, 1997, pp. 83-
112.) 
Internet, social media and ICT in general affect our lives in a fundamental level. 
Those change the context of use of many everyday items, which may influence 
the sole purpose of design. Those also brings forwards issues that must be taken 
into consideration. For example, in clothing design a designer may have to solve 
how a garment makes usage of digital devices, such as iPods or smartphones, 
possible or easier. This may mean adding pockets for different devices, making 
openings for wires or using conductive materials. A garment may also be required 
to match with aesthetics of digital devices, and that way the whole visual appear-
ance and not just technical aspects of the garment may be constricted by ICT. 
So although ICT mostly affects technical issues of a design, it may govern the 
whole design problem, even the entire purpose of it. 
Technical constraints, described by Lawson (1997, p. 104) as practical con-
straints, are often quite inflexible in nature. Limitation in manufacturing technique 
or materials can’t be overlooked by the designer. In craft-design this also includes 
the issue of different levels of skills a craftsman has. Technical constraints may 
also emerge from limitations of the design tools used. Following two subchapters 
present some of the new possibilities and limitations that usage of ICT brings to 
design constraints of a craft-design problem from a technical point of view. 
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2.2.1 New possibilities 
Additive Manufacturing (AM) seems to be quickly making its way to the area of 
craft. Additive Manufacturing is an umbrella term for techniques used to build 3d-
objects from digital 3d-models. The most common techniques used in AM are 3d-
printing and Selective Lacer Sintering (SLS). For a craft-designer AM offers many 
new possibilities. It gives the designer an opportunity to create unique compo-
nents, instead of using ready made ones, e.g. buttons. This gives the designer 
more freedom because there is no need to take the qualities of a ready-made 
component into consideration.  
If taken further, AM and traditional making by hand can be combined into hybrid 
artefacts that wouldn’t be possible to make without AM technology. An example 
of such hybrid making process are baskets made in Zoran’s (2013) study of com-
bining traditional basket viewing practices and AM. The baskets made were com-
binations of materials and manufacturing techniques, unique in structure and aes-
thetics, that wouldn’t be possible to make by traditional techniques or materials 
alone nor with AM only. More experimental approach can also be taken into de-
signing hybrid artefacts with hybrid reassemblage, through destruction and res-
toration. A traditionally made craft artefact is first broken and then reassembled 
with AM technology. The aim is not to restore the artefact into its original shape, 
but to create a new unique object where both the destruction and the restoration 
are visible and vital parts of aesthetics of the object. This way AM can be used to 
create truly unique objects where the original craft meets the new technology and 
which can’t be reproduced. (Zoran & Buechley, 2013.) 
Digital textile printing is another new technology that opens new possibilities for 
craft-designers. New inkjet textile-printers are able to print onto many types of 
fabrics, not just polyester-based ones and also to produce very fine details in 
millions of colors. So unlike in traditional serigraph printing, where a pattern must 
be fairly simple and contain only a few colors, digital textile printers are able to 
print for example entire paintings or digital illustrations in high accuracy. The ac-
curacy of digital printing makes it also possible to design so called “engineered” 
or “placement” prints, where the design can be fitted directly to pattern pieces for 
a garment, using digital design tools, so that the design continues flawlessly 
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around the entire garment, despite seams or darts. In addition, where traditional 
serigraph printing is limited in pattern size, the only size limits of a digital print 
pattern are widths of a printer and fabric. It’s no longer necessary to design re-
peatable patterns to overcome size limits of a printing screen. Currently, due to 
very expensive prices of these printers, digital textile printing is available to craft- 
designers only though companies that offer small scale digital textile printing ser-
vices. This limits the current possibilities of the technology to finalized designs. In 
the future, if digital textile printers become more affordable and therefore availa-
ble for individual craft-designers to purchase, those can also be used to quickly 
test and experiment with design ideas. (Bowles & Isaac, 2012, pp. 11-21.) 
 
Digital technology is also starting to affect materials used in craft. It enables de-
signing and manufacturing of materials that have such qualities and structures 
that wouldn’t be possible to produce with traditional methods. Digital technology 
can also be combined with traditional materials or molded into an artefact. In the 
area of textile-craft, technical fabrics are already widely used and so called e-
textiles, where digital components are embedded with fabric, are starting to 
emerge. E-textiles can serve many purposes, for example, as visual elements, to 
reflect emotions, to detect and react to changes in the environment or in human’s 
vital signs, for controlling digital equipment or even to make the surface invisible 
(Quinn, 2010, pp. 7-108). Currently the whole concept of e-textiles is still unknown 
to most craft-designers, but when e-textile components, instructions and educa-
tion become more widely available, e-textiles may become very popular and 
change the area of textile-craft permanently. 
 
These new possibilities presented here are only a small fraction of the technical 
possibilities that ICT offers for craft-designers. It seems evident that already, and 
in the future, many technical design constraints will change or disappear entirely, 
especially those caused by limitations of materials or designing and making tech-
niques. However, limited resources of technical expertise that can support crea-
tive and innovative use of new technology is and will be slowing down the devel-
opment towards broader use of digital design and manufacturing tools among 
craft-designers and makers (Harris, 2012, p. 92). 
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2.2.2 New Limitations 
High level of technical skills required to use many digital design and manufactur-
ing tools effectively is one of the issues that creates new design constraints. It 
has been even suggested that in order to retain the creative nature and unique-
ness of craft, learning to use digital tools is not enough. Instead of learning to 
use, truly creative craft-design requires learning to modify the digital tools and 
even to make new ones (e.g. Verbruggen, 2014; Taylor & Townsend, 2014; 
Masterton, 2007). To achieve such high level of technical expertise, lots of train-
ing and education is required. At the moment many craft-designers and makers 
don’t even know the basics of digital design and making tools, so being able to 
modify the tools seems like a very distant goal. For now, craft-designers must 
take the level of their technical skills into consideration from early stages of the 
design process and this constraint may guide even the entire design and making 
process. 
If a designer isn’t able to modify the design tools he or she uses, it could easily 
lead to a situation where limitations of the tools guide the entire design process. 
For example, in current digital design applications, the design area is often 
formed as a grid and shapes created with the tool are based on that grid. Although 
the application could support drawing “freehand” shapes, the ready-made tools 
in the application are often much easier to use and tempt the designer to limit 
their creativity to those shapes, especially when the designer doesn’t master the 
application very well. This, alongside with lack of an ability to haptic touch in cur-
rent digital design tools, lead designers to similar solutions and to similar digital 
aesthetics in their designs, instead of truly unique and creative technical and vis-
ual designs. (Masterton, 2007, pp. 8-22.) 
The new design constraints created by the use of digital design and manufactur-
ing tools seems to be largely due to the level of technical skills of designers and 
makers. It also seems evident that merely learning to use the tools doesn’t lead 
to creative solutions. It’s possible to overcome these limitations, but education 
and practice alone isn’t enough. Creative thinking and creative solutions are re-
quired, as Masterton (2007, p. 22) appositely points out: 
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Perhaps it will be more appropriate to learn how to abuse, rather than use 
these systems in order to develop a creative niche. 
 
2.3 Effects of ICT to different design activities 
2.3.1 Finding inspiration 
Finding inspiration and being able to come up with design ideas using inspiration 
sources, found or given, are very important characteristics of a creative designer. 
Sources of inspiration can be almost anything, such as memories, pictures, ma-
terials, tangible objects, stories or landscapes and so on. Petre, Sharp and John-
son (2006, p. 188), in their study of knitwear design, found six categories of in-
spiration sources that professional knitwear designers use that seem to be appli-
cable to many other areas of textile craft-design: 
 other garments from market leaders and competitors, from their own past 
collections, and from history; 
 representations of garments, including sketches, photographs, descrip-
tions, and patterns. Designers study trend forecasting materials, trade lit-
erature and fashion magazines; 
 materials, such as yarns and fabric samples, and other textiles; 
 art works, such as paintings, drawings, sculptures, and photographs, and 
representations of them; 
 artefacts from other domains, such as tins of baked beans, especially craft 
designs and objects with repeating patterns such as mosaics, but extend-
ing to buildings and commercial objects. Also representations of artefacts; 
 natural phenomena and objects, such as sunsets and leaves, and repre-
sentations of them. 
ICT and especially the internet can provide a designer with an endless source for 
inspiration, from all the above categories of inspiration sources. It must be noted 
though that if seeking for inspiration is only done by browsing through the internet, 
it limits the inspiration sources to immaterial things and removes possibilities to 
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gain information and inspiration, for example, through touch, taste or sense of 
smell. It may also tempt the designer to look for ready-made solutions. 
Designers may prefer using the internet as an inspiration source without realizing 
the limitations of the inspirational material available on the internet. In Appiah’s 
and Cronjé’s (2012, pp. 57-59) study of how possibility to use ICT influences the 
idea development and sketching in design processes of graphic design students, 
they found out that possibility to use ICT motivated the students and they quickly 
moved from traditional inspiration sources to gathering ideas by searching 
through the internet. The students used the internet to search, mostly for pictures 
that were similar to their design task, rather than using other ways to find inspira-
tion. This limited their creativity significantly and resulted in almost direct copying 
of designs, also known as literal adaption (see Petre, Sharp, & Johnson, 2006, 
pp. 200-201). 
Besides being an inspiration source, ICT can be used to create inspiration 
sources. For example, an ability to store and organize images from designer’s 
own previous work in an effective way can provide the designer with a unique 
source of inspiration that can support the development of designer’s personal 
aesthetics and style. If digital aesthetics is desired, designers can use digital de-
sign tools to create shapes and color palettes for inspiration. 
Inspiration can also be gained through collaboration. Internet and especially so-
cial media have made collaboration easy and location independent. For example 
Lappola (2014) has studied how Pinterest1 can be used as a communication 
channel for fashion designer students and their clients. She found out that Pin-
terest is an effective tool for designers to share inspiration, ideas and thought with 
each other and for clients to provide the designers with inspiration material that 
gives the designers insight into clients’ tastes and preferences. Like in Appiah’s 
and Cronjé’s (2012) study, students in Lappola’s study also found using the in-
ternet and Pinterest very motivating to them, but because their main inspiration 
sources were clients’ Pinterest boards, which didn’t include any pictures of cloth-
ing, they didn’t get tempted to copy designs directly from the internet, like the 
                                            
1 https://pinterest.com/ 
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students in Appiah’s and Cronjé’s study did. So it seems that, by consciously 
avoiding overusage of certain types of inspiration sources, some problems of the 
internet as an inspiration source can be avoided. 
Petre, Sharp and Johnson (2006, pp. 200-201) describe how inspiration sources 
may be used in many different ways to develop the actual design. Inspiration 
sources can be used to create a concept for a design or to incorporate elements 
or ideas to the actual design. The inspiration sources help a designer to move 
from the first vague mental image of an artifact being designed to the final design 
through an iterative design process (see e.g. Anttila, 1993; Pahl & Beitz, 1996; 
Seitamaa-Hakkarainen, 2000). 
2.3.2 Sketching 
Drawing is considered to be a vital part of a creative design process (e.g. Lawson, 
1997). It has been argued though that in traditional craft-design drawing isn’t so 
important than in some other areas of design, and that craft-designers prefer 
working with prototyping and real materials instead of a pen and paper (Lawson, 
1997, p. 24; Anttila, 1993, p. 133). This may seem like a correct claim at first, but 
craft-design and the nature of craft are changing fast and therefore the need for 
sketching and visual representation of ideas and designs is becoming increas-
ingly important, also in the area of craft-design (Seitamaa-Hakkarainen, 2000, p. 
173). 
Different kinds of drawings produced during a design process can be roughly 
divided into three categories: thinking sketches, prescriptive sketches and talking 
sketches (Ferguson, 1994, pp. 96-97). This chapter will focus only on thinking 
sketches. Thinking sketches are usually series of quickly drawn, ambiguous 
sketches that enable reinterpretations, brainstorming, gathering ideas and further 
developing the ideas gained from the sources of inspiration. In traditional, manual 
design process, drawing thinking sketches, sometimes referred to as thumbnail 
or study sketches, is considered to be a fundamental part of the design process. 
(see e.g. Goel, 1995, pp. 193-219; Goldschmidt, 1991, pp. 131-140; Lawson, 
1997, pp. 242-246; Ferguson, 1994, pp. 96-97.) 
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Digital drawings are often less ambiguous than hand-drawn sketches and this, 
according to Lawson (1997, pp. 298-299), may be destructive and restrictive in 
the early stages of a design process because the obscurity of a sketch opens 
new possibilities for reinterpretations and for further development of ideas. Goel’s 
(1995, pp. 211-214) findings, in his study of differences between traditional 
sketching and designing with a digital drawing software, also supported this view 
of traditional sketching being more ambiguous and resulting to more reinterpre-
tations and further development of ideas than sketching with digital tools. 
Stones and Cassidy (2010) repeated the Goel’s research with a modified task, 
where the test subjects had no restrictions on how they could use the design 
application, they could for example use freehand drawing and premade shapes. 
They found out, in contrast to Goel’s (1995, pp. 211-214) findings, that the test 
subjects were actually able to make some reinterpretations from their digital 
sketches. However, although reinterpretations did happen, those didn’t lead to 
any further development of ideas nor to creation of new design solutions that, on 
the other hand, supported Goel’s (1995, pp. 211-214) finding on the previous 
research. With digital tools, the test subjects seemed to pay more attention to 
producing sketches that complied accurately with their mental images, rather 
than to seeking for new solutions. (Stones & Cassidy, 2010, pp. 455-457.)  
In Appiah’s and Cronjé’s study (2012, pp. 57-59) the students usually manipu-
lated the pictures, they had found from the internet for inspiration sources, until 
they came up with a design they liked. Many times the manipulation was just 
minor modifications, if any, and the design was almost a direct copy of the inspi-
ration source (cf. Petre, Sharp, & Johnson, 2006, pp. 200-201). Similar results 
has been found in interviews of experienced designers, who have expressed their 
concern on digital designing leading too often to literal adaption of an inspiration 
source (Schenk, 2014, pp. 44-45). 
This direct copying of inspiration sources seems to occur also in digital textile 
craft-design (Laamanen & Seitamaa-Hakkarainen, 2009, p. 112). In the area of 
craft-design this may not be as a serious issue though as in graphics design be-
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cause, if the artefact designed is made using traditional craft techniques, the ma-
terial, tools and techniques used to make the artefact will ultimately alter the de-
sign. 
On the other hand, Jun-Chieh, Cheng-Chi and Hsin-Chia (2012, p. 46) argue that 
modern digital drawing systems offer many advantages compared to the tradi-
tional pen and paper sketching. Built-in functions, such as “undo”, “redo” and pos-
sibility to use different kinds of lines and blurring to alter the level of ambiguity 
opens new possibilities for designers to control the abstraction level of their 
sketches. Layers are also one such feature that offers a new kind of approach 
possibilities to sketching. Layers enable working simultaneously with several ver-
sions of the same sketch or adding details to the sketch gradually with ability to 
hide them later. Zooming in and out are also features that give new possibilities 
to detail design. (Jun-Chieh;Cheng-Chi;& Hsin-Chia, 2012, s. 46.)  
The students in Appiah’s and Cronjé’s (2012) study didn’t recognize digital 
sketches as thinking sketches. Although they didn’t usually draw any traditional 
paper sketches during their design process, they still declared that those were 
important and that they do draw thinking sketches as a part of their design pro-
cesses. The actual thinking sketches, required from them by their teachers, they 
actually did after completing the design, which of course didn’t contribute to the 
design process in any way. 
2.3.3 Designing and experimenting with real materials 
Working with actual materials is a common design method, especially in craft-
design. Working directly with the materials give designers a possibility to use all 
their senses and that way take other characteristics, other than technical attrib-
utes provided about the material or what can be seen, into consideration. Digital 
design methods bring both, new possibilities and limitation, to working and exper-
imenting with real materials.  
In the area of textile print design, a possibility to digitally print onto the fabric 
brings a new, easy, precise and fast method to test new design ideas in large 
scale (Bowles & Isaac, 2012, p. 12). Of course, large textile printers are expen-
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sive and require continuous maintenance, so this possibility to design experi-
menting is currently only available in the industrial level of textile design. In the 
future it may even become a common practice for craft-designers and craftsmen 
to design their own, tailor-made fabric prints and order those directly from a digital 
textile print vendor, even in small quantities. 
Additive Manufacturing (AM) also brings many new opportunities to a design pro-
cess. For craft-design, possibilities to rapid prototyping and designing individual 
tailor-made components, are particularly interesting. AM also makes it possible 
to visualize problems that would be hard to picture in 2d format, similarly like 
hand-made models in traditional design. Through AM, in contrast to hand-made 
models, it’s possible to achieve much higher level of precision, even in small scale 
models. Like digital textile printers, most AM tools, such as 3d-printers are still 
very expensive and not available for individual small scale designers. However, 
there are already some affordable models available, so use of AM may expand 
significantly in the coming years. 
Digital design usually eliminates possibilities to actual touch and feel from the 
design process. The designer can’t inspect nor experiment with real materials or 
artefacts. Especially in textile design, the relationship between a designer and 
actual materials is extremely close and important due to the intimate and ubiqui-
tous bodily contact we all have with textiles daily. Also, due to this close bodily 
relation we have with textiles, we possess plenty of embodied tacit knowledge of 
them. This tacit knowledge that a designer might not even recognize nor be able 
to verbally express, influences the design process when the designer works with 
real materials. It enables simultaneous unconscious creative thinking and as-
sessment of the design, in addition to the conscious design thinking. When de-
signing digitally, only with a virtual model of the artefact, the tacit knowledge can’t 
influence the design. It seems evident that purely digital design distances the 
designer from the artefact designed by eliminating possibilities to bodily experi-
ences and use of tacit knowledge. (Philpott, 2010, pp. 3-5.)  
Additive Manufacturing and designing with digital design tools enable fast modi-
fications to an artefact. This is usually seen as a positive thing, but according to 
Philpott (2010, p. 5) it may also prove to be destructive as it doesn’t give the 
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designer an opportunity to use material consciousness and tacit knowledge to 
find new design solutions and to re-conceptualize the design problem, like work-
ing by hand does (see also Sennett, 2009, pp. 119-146). Masterton (2007, p. 9) 
supports this view and points out that the speed of digital design tools doesn’t 
necessarily leave enough time for creative thinking and deliberation, which may 
lead to inability to recognize good ideas and to further develop them.  
Ability to tackle the imperfect nature of materials, especially natural ones, may 
also prove to be difficult in a digital design process. When working with the actual 
material, the designer can take possible defects in the material into consideration, 
which is not possible when using digital design tools. Furthermore, digital design 
tools are unable to bring out possible unexpected behavior of materials. Virtual 
materials behave in a way that they are programmed or digitally modelled to be-
have, without flaws or exceptions, in contrast to real materials that are invariably 
non-uniform in nature. Noticing unforeseen issues in the materials can lead to 
new design solutions, but these opportunities are lost when working with digital 
design tools. “Machines break down when they lose control, whereas people 
make discoveries.” (Sennett, 2009, p.112-113.)  
In summary, ICT and digital design tools offer many new possibilities to craft-
design and even enable completely new forms of craft, but also, at the same time, 
pose problems. To truly enable a creative design process and a unique design 
as an outcome of the process, high level of technical expertise is required from 
the designer even up to an ability to modify the digital tools used. The field of 
digital design is quickly evolving, so gaining and maintaining such expertise is an 
ongoing and time-consuming process that may prove to be one of the biggest 
limiting factor in conflating digital design methods with the creative field of craft-
design. In addition, digital design tools don’t enable bodily experiences and use 
of tacit knowledge in the design process that may further impede the use of digital 
design tools in craft-design. Despite the problems, ICT has become a fundamen-
tal part of our daily lives and it already is and will be affecting also the areas of 
craft and hand-making, therefore continuous research and effort to overcome the 
current problems is truly essential.  
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3 What is usability? 
 
3.1 Setting the stage – development of usability research and 
early definitions of usability 
Usability research is one of the key interest areas of Human-Computer Interaction 
(HCI) research. Human-computer interaction is defined by The Association for 
Computing Machinery (Hewett, et al., 1992) as: 
“a discipline concerned with the design, evaluation and implementation of 
interactive computing systems for human use and with the study of major 
phenomena surrounding them.” 
Usability research has its roots in engineering sciences that goes all the way back 
to the beginning of the 20th century, when interest arose to improve production 
efficiency in industrial level. At the time, the main goal wasn’t to make the ma-
chines easy to use, let alone enjoyable for the factory workers, but to reduce 
production times and to improve production efficiency. Usability improvements 
were “a side effect” of the production efficiency development. Usability as ease 
of use and better learnability of product’s functions became the main focus during 
World Wars I and II when need arose to make military equipment more manage-
able. (Grudin, 2012, pp. xxviii-xlv.) 
Usability research of actual computers developed quite slowly. During the time of 
large mainframe computers, often referred to as “big iron”, from 1940’s to 1970’s, 
the main objective of the computer development research was to gain as much 
computing power as possible. Humans, as computer operators, were there to 
“serve” the computer on its own terms. It wasn’t until the first personal desktop 
computers (e.g. IBM PC and Apple Macintosh) were introduced, in the beginning 
of 1980’s that HCI emerged and the interest arose to research usability of com-
puters from the users’ point of view. (Grudin, 2012, pp. xxviii-xlv.) 
In the 1970’s and early 1980’s usability was described as a product being “user 
friendly”. As Nielsen (1993, p. 23) points out, the term “user friendly” soon be-
came quite problematic and was replaced with the term “usability”. Users don’t 
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need products to be friendly to them, they need products that they can use. Fur-
thermore, the term “user friendly” implies that usability is a product attribute that 
the product either possesses or not, regardless of the user or environment.  
Replacement of the term “user friendly” with the term “usability” reflects the major 
change in defining usability that took place in late 1980’s and early 1990’s. The 
attention of usability research shifted towards users and their needs, feelings and 
attitudes. There were many major, and still widely used and cited, studies pub-
lished during those years that set the foundation for modern usability research 
and the definition of usability.  
Shneiderman published first edition of his book “Designing the User Interface: 
Strategies for Effective Human-Computer Interaction” in 1986, where he de-
scribed the “eight golden rules of interface design” to improve the usability of an 
application (Shneiderman & Plaisant, 2005, pp. 74-75):  
1. Strive for consistency 
2. Enable frequent users to use shortcuts 
3. Offer informative feedback 
4. Design dialog to yield closure 
5. Offer simple error handling 
6. Permit easy reversal of actions 
7. Support internal locus of control 
8. Reduce short-term memory load 
Although these rules didn’t directly define usability, those set the foundation for 
good usability of an application. 
In 1991 Shackel (1991, p. 24) defined usability through efficiency, effectiveness 
and satisfaction: 
the capability in human functional terms to be  used  easily  and  effec-
tively  by  the  specified  range  of  users,  given specified  training and  
user  support,  to fulfill the  specified  range  of tasks  within  the  specified  
range  of environmental  scenarios 
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Shackel’s definition is still widely used as a basis for the standardized definition 
of usability, the ISO 9241-11 (ISO, 1998) standard.  
Since introduction of the term “usability” and the early definitions of it, there has 
been many further attempts made to model and define the concept of usability, 
some of those more widely accepted than others, but so far, there isn’t a one 
single, widely agreed upon, definition of usability. The definition is continuously 
evolving and the discussion among the usability research community continues. 
In the following subsections some of the most important milestones of develop-
ment of defining usability, after Shackel, will be presented that also currently are 
the most commonly used ways to define usability: Nielsen’s (1993) model of us-
ability, published in 1993; standards defining usability, published in 1998 and 
2011 (ISO, 1998; ISO/IEC, 2011); and recent development and the ongoing dis-
cussion on defining usability that brings forward the aspects of focusing more on 
a user instead of a product, and  if and how the user and concept of user experi-
ence should be incorporated to the definition of usability. 
3.2 Nielsen’s model of usability 
One of the most well-known and cited definitions of usability is Nielsen’s (1993, 
pp. 24-26) model of usability that he presented as a part of his wider model of 
system acceptability (figure 3). System acceptability model defines the factors 
that affect system’s ability to meet the requirements and needs of users and 
stakeholders. In Nielsen’s model of system acceptability usability is a part of sys-
tem’s usefulness, along with system’s utility. Utility describes, if the system has 
such functionality and features that it is possible to carry out the required tasks 
with it. Usability, on the other hand, describes how well the user can make use of 
the functionality and features of the system. 
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Figure 3: Nielsen's model of system acceptability (Nielsen, 1993, p. 25) 
 
Nielsen’s (1993, pp. 26-37) aim was to operationalize usability in such manner 
that measuring usability with quantitative methods would be possible that was the 
industry standard at the time. In his model of system acceptability, he defined 
usability through five attributes:  
 Learnability: The system should be easy to learn so that the user can rap-
idly start getting some work done with the system. 
 Efficiency: The system should be efficient to use, so that once the user 
has learned the system, a high level of productivity is possible. 
 Memorability: The system should be easy to remember, so that the casual 
user is able to return to the system after some period of not having used 
it, without having to learn everything all over again. 
 Errors: The system should have a low error rate, so that users make few 
errors during the use of the system, and so that if they do make errors they 
can easily recover from them. Further, catastrophic errors must not occur. 
 Satisfaction: The system should be pleasant to use, so that users are sub-
jectively satisfied when using; they like it. 
These five attributes are individually measureable, but as Nielsen (1993, pp. 41-
43)  pointed out, changing one attribute may significantly influence other attrib-
utes as well. This means that by improving the system on one area of usability, 
better overall usability may not be achieved. For example an attempt to reduce 
errors by asking confirmation from a user when performing error sensitive tasks 
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may reduce the system’s efficiency because the questions make performing such 
tasks slower. Some users may also find these questions annoying that, in addi-
tion, makes the system less subjectively pleasing. So according to Nielsen (1993, 
pp. 41-43), although the five attributes of usability are individually measureable, 
improving overall usability of a system is balancing between the attributes. 
Nielsen also developed ten usability heuristics for usable interface design that 
are still widely used to both describe and measure usability of a user interface. 
The first version of the heuristics Nielsen developed with Molich (Molich & 
Nielsen, 1990) and the final version of Nielsen’s usability heuristics was published 
along with the model of system acceptability in 1993 (Nielsen, 1993, pp. 115-
155): 
1. Simple and natural dialogue 
2. Speak the user's language 
3. Minimize memory load 
4. Be consistent 
5. Provide feedback 
6. Provide clearly marked exits 
7. Provide shortcuts 
8. Provide good error messages 
9. Prevent errors 
10. Maintain user control of the system 
Nielsen’s heuristics are similar, but more general and less precise than Shneider-
man’s “eight golden rules of interface design” (cf. Shneiderman & Plaisant, 2005, 
pp. 74-75). Nielsen’s heuristics were ment to cover virtually all usability problems 
and to be “rules of thumb” rather than strict quidelines (Nielsen, 1995; Nielsen, 
1993, p. 115). This may explain why Nielsen’s heuristics are still aplicable to most 
situations. 
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3.3 Usability standards 
There are two standards that define usability. The first standard, ISO 9241-11, 
defining usability, was introduced in 1998 and later, in 2011, a second, more de-
tailed, standard definition was introduced in ISO/IEC 25010. 
3.3.1 ISO 9241-11: Ergonomic requirements for office work with visual dis-
play terminals (VDTs) -- Part 11: Guidance on usability 
The standard ISO 9241-11: Ergonomic requirements for office work with visual 
display terminals (VDTs) -- Part 11: Guidance on usability (ISO, 1998) defines 
usability through effectiveness, efficiency and satisfaction: 
"[Usability refers to the] extent to which a product can be used by specified 
users to achieve specified goals with effectiveness, efficiency and satis-
faction in a specified context of use." 
The definition is based on Shackel’s (1991, p. 24) definition of usability and the 
two closely resemble each other. 
ISO 9241-11 (ISO, 1998) states that usability depends on, not only the product 
itself, but also the specific context of use and goals set for the usage. In order to 
measure or specify usability with precision, the standard divides both internal and 
external factors affecting usability to measurable sub-components. These com-
ponents and relations between them form the Usability Framework that is illus-
trated in figure 4. 
 
Figure 4: Usability framework (ISO, 1998) 
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ISO 9241-11 -standard has been criticized for being too abstract and process 
oriented (Seffah, Donyaee, Kline, & Padda, 2006, p. 162). Also, because the def-
inition relies heavily on efficiency, effectiveness and pre-defined goals, it’s not 
suited for measuring usability of products, such as games or other products de-
signed for user’s enjoyment, that aren’t meant for performing certain tasks effi-
ciently and effectively (Quesenbery, 2003, p. 2). 
3.3.2 ISO/IEC 25010: Systems and software engineering – Systems and 
software Quality Requirements and Evaluation (SQuaRE) – System 
and software quality models 
The more recent standard defining usability is ISO/IEC 25010: Systems and soft-
ware engineering – Systems and software Quality Requirements and Evaluation 
(SQuaRE) – System and software quality models (ISO/IEC, 2011). It defines us-
ability in two ways: from user-centered perspective as the quality in use model 
and from product-centered perspective as a part of the product quality model. 
Only the quality in use model will be presented here as the product quality model 
isn’t relevant for this research. 
Compared to ISO 9241-11, the quality in use model, illustrated in figure 5, gives 
usability a very similar, but more user-centered and wider definition. It adds two 
new characteristics, freedom from risk and context coverage, to usability and pro-
poses a broader interpretation of satisfaction that now covers the whole user ex-
perience.  
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Figure 5: Quality in use model (ISO/IEC, 2011) 
 
The user-centered approach to usability of ISO/IEC 25010 reflects the develop-
ment of usability research and the discussion that has taken place since the turn 
of the century. 
 
3.4 Usability after 1990’s – the emerging trend of user experi-
ence  
A lot has happened in usability research after 1990’s. This is partially because of 
the rapid development of ICT, the internet and the digital entertainment industry. 
Although Nielsen’s (1993, pp. 24-26) model of usability and the ISO 9241-11 
(ISO, 1998) standard include concepts like “subjectively pleasing” and “satisfac-
tion” that relate to user’s personal experience, those models are often considered 
to emphasize technical qualities of a product and efficiency of use too much. The 
emerging trend, after 1990’s, in usability research, has been to focus more on 
user experience when evaluating usability of a product. 
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3.4.1 What is user experience and how it differs from traditional usability? 
ISO 9241-210: Ergonomics of human-system interaction -- Part 210: Human-
centred design for interactive systems (ISO, 2010, p. 3) defines user experience 
as: 
person’s perceptions and responses resulting from the use and/or antici-
pated use of a product, system or service […] User experience includes 
all the users’ emotions, beliefs, preferences, perceptions, physical and 
psychological responses, behaviours and accomplishments that occur be-
fore, during and after use. 
Although user experience seems to be closely related to traditional usability, the 
two have some elementary differences. Hassenzahl, Law and Hvannberg (2006) 
have determined three significant distinctions between the views of traditional 
usability and user experience (see also Hassenzahl, 2006): 
 Holistic: Traditional usability is task-oriented and focuses heavilly on users’ 
accomplishments and performance during and after carrying out a task. 
User experience, on the other hand, aims to take other, non-task related 
aspects, such as beauty, challenge, stimulation and self-expression into 
consideration in balance with the pragmatic apsects of traditional usability. 
 Subjective: Traditional usability research has its roots in engineering and 
psychology and it relies on tradition of objective testing and observing. 
User experience brings forward users’ subjective views, such as users’ 
feelings and reviews about a product. The subjective approach is 
considered to be vital for two reasons: the subjective views influence on 
the future behaviour of users and secondly these views will be shared with 
others. Basicly the objective measure of traditional usability isn’t enough, 
the product also has to deliver a good “experience”. 
 Positive: Traditional usability focuses on finding and fixing potential 
problems, the negative aspects that may affect usability. In contrast, user 
experience emhasizes the positive affects of use and posession of a 
product, such as positive emotions or experienced value. User experience 
doesn’t aim to underrate the need for removing negative aspects, but it 
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underlines that removing negative aspects doesn’t directly lead to a posi-
tive outcome. 
When user experience is incorporated with the concept of usability, it’s often 
referred to as quality of experience. Traditional definitions describe usability 
mostly as quality of use, not as quality of experience. Quality of use defines usa-
bility of a product as an abstract, but a measurable, quality of the product that is 
governed by user, context of use and goals set for use. Quality of experience, on 
the other hand, is a concept that aims to incorporate factors that derive from 
user’s personal motivations to use the technology into the definition of usability. 
(McNamara & Kirakowski, 2005, pp. 200-201.) 
3.4.2 Views on how user experience should be incorporated with usability 
The emerging trend of user experience has risen discussion on if and how it 
should be incorporated with the definition of usability. Several different 
approaches to this has been suggested by usability researchers, some of which 
will be presented here. So far, no all-embracing, widely agreed upon, view on this 
has been achieved and the discussion among researchers continues. 
The first view on the issue is to separate user experience entirely from usability 
research. McCarthy and Wright (2004, pp. 11-19) suggest such approach and 
state that user experience should be considered as an entirely individual field of 
research. According to them, user experience is a multidimensional phenomenon 
that can’t be related to specific qualities of a product. They state that understand-
ing user experience calls for wider acumen of user-product interaction and the 
meaning of it to the user. The second view is to consider user experience as the 
wider concept and usability as its component. Such models have been presented 
by Hassenzahl (2003), Rubinoff (2014) Norman (2004), among others. In these 
definitions usability retains its traditional definition (e.g. Nielsen, 1993). The third 
view is the opposite of the second, where the concept of usability covers the user 
experience. 
The simplest way of merging user experience into definition of usability is to de-
fine usability through both, traditional usability and user experience. For example, 
according to Keinonen (2000, pp. 103-104), defining usability of a product 
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concisist of two dimensions: The first dimension is measuring traditional usability 
that happens in real-time usage situation in specific context of use. The second 
dimension that emphasizes the quality of experience, is evaluating of product’s 
approachability and other factors that are based on user’s experience in an emo-
tional level. 
ISO 9241-210 -standard (ISO, 2010, p. 3) suggests that both approaches, 
perceiving usability as a component of user experience or vice versa, are valid: 
Usability, when interpreted from the perspective of the users’ personal 
goals, can include the kind of perceptual and emotional aspects typically 
associated with user experience. Usability criteria can be used to assess 
aspects of user experience. 
The fourth view on the issue of incorporating the concepts of usability and user 
experience is to include both as components of an even wider concept. These 
approaches vary especially on how equally usability, user experience and other 
components of the concept are weighted. 
Jordan (2000, pp. 4-6) suggests that usability and user experience should be 
handled as factors of a wider concept of consumer needs. In his model, he divides 
the consumers’ needs to three, individually analyzable levels: functionality, usa-
bility and pleasure. The division he bases on Maslow’s (1943, pp. 372-385) hier-
archy of need, where the key idea is that when people have fulfilled their basic 
needs, like physiological and safety needs that are low in the hierarchy, they 
begin to want to fulfill the needs higher up, like the need for self-actualization. 
Basically, when people gain their most basic needs, they start seeking for some-
thing more. 
In Jordan’s (2000, pp. 4-6) hierarchy of consumer needs, the most basic need for 
a consumer is that a product has the functionality to perform the tasks that it’s 
meant for (cf. utility in Nielsen’s (1993, pp. 24-26) model of usability). In the next 
level, the consumer expects the product to have good technical usability. Finally, 
when the needs for functionality and technical usability are met, the consumer 
wants something more: a product that is pleasurable. Jordan emphasizes that in 
order to be able to create a product that fulfills all three levels of consumer needs, 
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strive must be to understand the relations between individual qualities of the prod-
uct and user’s emotions (cf. McCarthy & Wright, 2004). 
McNamara and Kirakowski (2006, pp. 26-27) take a similar approach as Jordan 
(2000) on merging user experience and usability into a wider concept. They com-
bine the three aspects: functionality, usability and user experience in their model 
of aspects of technology usage. In their model the all three aspects are separate, 
but also partially interlinked, dimensions of product quality. In contrast to Jordan’s 
(2000, pp. 4-6) hierarchic approach, they consider the three components to be 
equally important (figure 6). They emphasize that all of these three aspects 
should be taken equally into consideration when evaluating technology.  
 
Figure 6: Comparison between McNamara’s and Kirakowski’s three aspects of technol-
ogy usage (2006, p.26) and Jordan's (2000, p.6) model of consumer needs 
 
McNamara and Kirakowski (2006, pp. 26-27) suggest that that the usability as-
pect in their model should be defined and measured as traditional usability (e.g. 
Nielsen 1993). By functionality they refer to solely technical aspects of a product, 
such as usefulness of product features, safety, reliability and maintainability. The 
aspect of experience they approach from McCarthy’s and Wright’s (2004, pp. 11-
19) point of view, who call for wider understanding of user-product interaction in 
order to understand the multidimensional phenomena of user experience. 
Usability
Functionality
Experience
Functionality 
Usability 
Pleasure 
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This study approaches usability as quality of use from the McNamar’s and 
Kirakowski’s (2006, pp. 26-27) point of view. Usability is considered to be a com-
bination of three equally important factors: functionality, traditional usability and 
user experience. Functionality is considered as a technical issue, evaluating if an 
application has such qualities and functionality that it’s suitable to perform the 
tasks that it’s meant for and if it’s safe to use and reliable (see Nielsen, 1993, pp. 
24-26; Jordan, 2000, pp. 4-6; McNamara & Kirakowski, 2006, pp. 26-27). 
Traditional usability is evaluated based on Nielsen’s (1993, pp. 24-26) model of 
usability and the usability standards (ISO, 1998; ISO/IEC, 2011). Evaluation of 
user experience is based on the ISO 9241-210 -standard (ISO, 2010). 
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4 Research questions and objectives 
 
This research is a qualitative case study that has three main objectives: to study 
usability of applications tested and to find the best suited applications for craft-
science students to use in their studies; to analyze and describe how using the 
applications affect students’ craft-design processes and to develop and evaluate 
the performance of, a remote evaluation method to study the two previous as-
pects.  
Case study was selected as a research strategy for this study, because of the 
complex nature of the research objectives and the phenomena of interest and the 
need to retain, obtain and understand the holistic and meaningful characteristics 
of those. According to Yin (2003, pp. 2-10), case study approach is especially 
well suited for this type of studies, especially when the researcher can’t or has 
only little control over events studied and when the interest lies in real-life events. 
In addition, case studies are especially suited for building theory and generating 
hypotheses and as this research aims to increase understanding on how appli-
cation usage affects the craft-design process, and thereby build theory and con-
tribute to the existing theory, case study as a research strategy was an outright 
choice for this research (see e.g. Hartley, 2004, p. 325; Eisenhardt, 1989).  
To find the best suited applications, the list of known applications (see Appendix 
A) for craft-design, collected by Marttonen (2014), was first narrowed down by 
applying pre-defined criteria for a suitable application for craft-science studies to 
the list. The remaining applications were tested by a group of craft-science stu-
dents to evaluate usability of the applications.  Departing from most usability stud-
ies, this study didn’t aim to improve usability of the applications and therefore the 
evaluation of usability didn’t concentrate on finding specific usability problems. 
Instead, the focus of applications’ usability was to evaluate all three aspects de-
fined as usability in this study: functionality, traditional usability and user experi-
ence, from users’ point of view. 
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Another point of interest in this study were the possible changes that occur in 
students’ design processes when they move from using their usual design meth-
ods to designing with the applications. Evaluating the nature of the design pro-
cesses and students’ personal experiences were the key factors in assessing the 
nature of the possible changes. There were four especially interesting questions 
in this area: Did the design processes retain its iterative and cycling nature that 
is characteristics to creative design processes? If changes occured, were there 
specific factors causing the changes or were the changes universal for all appli-
cations? Did the applications bring something new to the design process that had 
positive effects to it? Did the students experience changes and if they did, did 
they feel that the changes were positive or negative? 
To study the usability and effects on the design process, a remote multi-method 
was developed that enabled gathering of research data remotely in digital form 
over the internet. This gave the possibility for the students to work in an environ-
ment where they normally would do designing, in their own pace and at any time 
convenient for them. To further develop the method for future studies and also to 
evaluate reliability of the results, finding the possible flaws in the method and 
evaluating its suitability for this type of research were additional main interest 
areas of this research. 
The research questions set for this research are: 
1. Which of the five craft-design applications are most advisable for craft de-
sign studies in terms of usability?  
2. How using the applications affect the craft-design process?  
3. How well the remote multi-method, developed for this research, suits for 
studying usability of craft-design applications and changes in the craft-de-
sign process?  
The research was divided into several cases. For research question one, one 
case for each application selected for usability evaluation was formed. Applica-
tions’ effects to the craft-design process were studied as one case.  
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5 Design process of the multi-method remote data col-
lection for studying the creative craft-design pro-
cess and usability of applications 
 
The need for developing a remote data collection method was twofold: to enable 
authentic real life working environment and style for participants and, on the other 
hand, to the gather research data remotely that made the data gathering process 
more efficient for all parties, the researcher and the participants. Developing such 
method also enabled data gathering on an online Virtual Design Studio -course, 
to which students participated mostly through an online learning environment and 
only met three times during the course.  
To enable authentic working environment and style that aren’t limited by a pre-
arranged schedule, the method used had to be unmoderated and such that the 
method didn’t interfere with the design process. In addition, the method had to be 
easy enough to independently carry out by persons, who didn’t have high level of 
technical expertise nor previous experience on the method. The challenge in this 
study was also to find a set of research methods that were applicable for both, 
usability evaluation and design research.  
The aim was to gain research data that brings up research participants’ subjective 
experiences, attitudes and opinions (i.e. attitudinal data), but, on the other hand, 
also gives observable data that isn’t based on those subjective aspects (i.e. be-
havioral data). This implied that at least two varieties of data was required. From 
technical point of view, the types of data that are suitable for this type of studies 
and that can be transferred through the internet are questionnaire- and written 
data, pictures, videos and sound.  
The constraints described above formed the framework for developing the set of 
methods used in this study. The first phase of the development process was to 
determine suitable methods based on the framework. The methods chosen were 
then further elaborated to accommodate to the theoretical framework of the re-
search and finally arranged into a specific set of tasks for the participants to carry 
out. 
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5.1 Choosing the set of methods 
When the framework for the research method was formed, it soon became evi-
dent that the selection of possible research methods was quite narrow and none 
of the methods alone could produce such multifaceted data that covered all the 
criteria set for it. Commonly used methods in design and usability research, such 
as the think-aloud protocol, although able to produce technically suitable data, 
didn’t meet the criteria of being unmoderated and enabling designing, and usage 
of applications, in real-life situation regardless of time and place (see e.g. Nielsen, 
1993, pp. 195-197; Seitamaa-Hakkarainen, 2000, pp. 61-66). 
Multi-method approach was selected for this research in order to produce rich 
combination of behavioral and attitudinal data. Multi-method, combining several 
individual research methods, is recommended by many researchers for studying 
usability that emphasizes user experience (Naumann & Wechsung, 2008; 
Rohrer, 2014).  Furthermore, a multi-method approach and combining multiple 
sources of data is highly recommended, if not considered vital, for a case study 
(see e.g. Gillham, 2000, pp. 2-20; Yin, 2003, pp. 97-101).The multi-method de-
signed for this study synthesizes three individual data collection methods: video 
recording of all screen events, qualitative questionnaires and writing tasks. The 
three methods are complementary yet offer different forms of data. Screen event 
recording produced objective behavioral data for analyzing both, usability and 
design processes. Questionnaires and writing tasks, on the other hand, were in-
tended to gather rich descriptive and attitudinal data for both areas of interest. 
Directly recording screen events, using an automatic recording software, is a rel-
atively new technology used for research purposes, because of the amount of 
system resources it requires that has, until recent years, caused too much load 
on devices. Logging user interface events, however, is one of the most commonly 
used data gathering methods in usability research, as a stand-alone method or 
combined with other methods. It reveals traditional usability issues fairly easily 
and is often used, for example, to measure efficiency of use by timing task per-
formance and measuring frequencies or to reveal errors. (e.g. Nielsen, 1993, pp. 
217-221) The problem with logging is that it doesn’t reveal what the user actually 
does, which is essential information for this research. 
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Video recordings of a user interface has the potential to gather information on 
what the user actually does, in addition to providing similar data than the tradi-
tional logging of user interface events method does. Screen recording, using a 
recording software, is possible to conduct in participant’s natural environment, 
without any additional devices nor a need for moderation from researcher’s part. 
These possibilities, and the researcher’s interest to explore the possibilities of this 
relatively new method in the areas of usability and design research, were the 
reasons for choosing screen recording as one of the methods for this study. 
Screen recording, however, has some shortcomings. Above all, it gathers infor-
mation only on what a participant does that is visible on the screen and not about 
the participant him- or herself. Things like participant’s attitude, facial expres-
sions, thoughts, feelings, other simultaneous activities, location, possible external 
distractions and background noise won’t get recorded. Technically it would have 
been possible to record voice through a microphone and participant’s facial ex-
pressions and some of the working environment with a web camera. Doing so, 
however, could have made the participant more aware of the recording in pro-
gress and hence compromise the natural working environment that was an es-
sential objective of this study. 
To overcome the shortcomings of the video data and to enable triangulation of 
results, two additional data gathering methods, qualitative questionnaires and 
writing tasks, were chosen to be combined with screen recording in this study. 
Both of these methods presumably provide rich qualitative data that can give in-
depth insight to participants’ feelings, attitudes, experiences and opinions, just to 
name a few. Furthermore, these methods were meant to function as participants’ 
voices in this study, providing information, for example, about their design pro-
cesses, possible usability issues, distractions and other difficulties in the design 
processes, not related to usability of the applications. It was impossible to predict 
precisely, in advance, all the possible information types that these methods pro-
vided within this study. 
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5.2 Design of individual methods 
5.2.1 Design task 
The students were given a design task to complete, partially using the applica-
tions that they had to evaluate. The design task was at the same time the task for 
gathering data for this study and the course task that students had to complete 
in order to pass the course. For this multi-method approach a pre-defined design 
task was essential, because it formed a framework for the design of the three 
data collection methods and also for timing of individual data collection tasks 
given to participants. 
It must be noted that this design task wasn’t parallel to tasks used in traditional 
usability testing, because the task didn’t specify nor guide the usage of the appli-
cations (e.g. Nielsen, 1993, pp. 185-187). Moreover, due to the ill-defined and 
wicked nature of design problems, it was impossible to predict how the partici-
pants decided to use the application (see Buchanan, 1995). This, however, can 
be seen as advantage to this research, because it potentially gave insight into 
how and how directly usability of an application affected the way it’s used in real-
life situations. 
In this research, the following design task was given to the participants: 
Design ”an interior thing”, i.e. an interior textile or a decoration object with 
textile surface. Design the whole product or the surface of the product with 
the application you have been given for testing. You don’t have to make 
nor know how to make, the product you’ll design. […] Design one individual 
version of the same product with each of the applications you are testing. 
The design task was divided into three phases. In the first, preliminary phase, the 
participants were asked to decide and describe to whom they design for, where 
and in what kind of space the product was to be used in, and what was the pur-
pose of use of the product (e.g. a piece of furniture, functional textile, decorational 
object, a container etc.). This preliminary task was given to help the participants 
to get started with the design process by guiding them to define some of the de-
sign constraints for their design task (see Lawson, 1997, pp. 83-112). 
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Second phase of the design task was to conduct the actual design. Students were 
instructed to pay attention to the characteristics of their individual design pro-
cesses and to the usability of the applications while working with the designs. To 
help students to become conscious of the nature and characteristics of the design 
processes, they were given the following instructions and questions to consider: 
Pay attention to your own individual design process, for example by re-
flecting the following questions and making written or mental notes about 
your observations, saving pictures etc. (NB. The aim is to verbalize and 
become conscious of your own design process, so each of you have to 
define the key points and characteristic of your design process individually. 
The list below is suggestive and merely meant for support.) 
 What were your inspiration sources and how did you find the initial idea 
for your design? How did the idea crystallize? 
 In what order did you do your design? Where did you start from, what 
did you design first, what last? 
 How much design work did you do “inside your head”, in mental level 
and how much utilizing design aids (pen and paper, the application, 
material samples, experiments etc.)? 
 What kind of ideas and sketches did you generate? Why did you aban-
don those? Did something transfer from those to the final design? 
 To what product attribute did you pay most attention/ used the most 
time to in your design (e.g. aesthetics, technical aspects, materials…)? 
Please notice that time used also refers to time spent to thinking/ de-
veloping ideas/ problem solving without visual representations or 
sketches. 
 Did you experience “the agony of creation”? Did you get stuck in some 
stage? Did some part of the design work progress easily from start to 
finish? 
Usability observation and evaluation instructions, given to the participants, con-
centrated mainly on traditional usability and functionality of an application (cf. e.g. 
Nielsen, 1993, pp. 24-26; ISO, 1998; ISO/IEC, 2011). The participants may not 
have been familiar with the concept of usability, hence these instructions were 
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vital for succesfull data gathering. First part of the instructions asked participants 
to evaluate the usability of an application through the following keywords based 
on Nielsen’s (1993, pp. 24-26) model of usability and on usability standards (ISO, 
1998; ISO/IEC, 2011): 
 utility 
 feasibility 
 technical problems, errors in the application 
 emotions evoked 
 learnability 
 efficiency 
 satisfaction 
 memorability 
In second part of the usability evaluation instructions, participants were asked to 
rate the possible issues that they may have found referring to a widely used 
severity rating scale, first introduced by Nielsen (1993, p. 103).  
1 = this is not a usability problem at all 
2 = cosmetic problem only 
3 = minor usability problem 
4 = major usability problem 
5 = usability catastrophe 
Although the scale is aimed mainly for quantitative usability testing, it also suits 
for this qualitative approach, because it gave a possibility to compare the 
applications with each other based on how the participants felt about the 
severenes of problems they discovered in the applications. For example, one 
application may have had several minor issues rated in the lower end of the scale 
and another application only a few issues, but such, that were rated to be severe. 
In such case the amount of usability issues found would have potentially lead to 
incorrect comparison and evaluation of the applications. In addition, using the 
scale made it easier for the participants to consider how they should evaluate the 
application and potential problems. 
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The final, third, phase of the design task was to make a digital brochure of the 
final designs and submit it as a single file or a hyperlink. This phase was mainly 
added to achieve a meaningful course task setup and to give students an oppor-
tunity to practice digital brochure making. Furthermore, the students gave each 
other feedback about their brochures that brought an aspect of collaboration to 
the course task.  
5.2.2 Qualitative questionnaires 
The research method contained two qualitative questionnaires for every applica-
tion the participants tested: first one (Q1) at the beginning of the course to collect 
data about first impressions of the application, second questionnaire (Q2) after 
the design task to get deeper insight to usability of the applications.  
Before starting to work with the actual design task, the participants were re-
quested to read descriptions of the applications and explore user manuals and 
other instructions provided by the application manufacturers. They were also 
asked to briefly test and ”play with” the applications to get first impressions of 
those. Based on that brief familiarization with the applications, the participants 
were asked to answer the first questionnaire, separately for each application. The 
questionnaire contained four open-ended questions and eleven closed ones. The 
open-ended question were intended for collecting rich attitudinal data about all 
aspects of applications’ usability, based on the first impressions, i.e. functionality, 
traditional usability and user experience.  
1. Describe your first impressions about the application and observations 
you’ve made regarding the application and its usability. 
2. Write about your first observations regarding application’s user manual 
and other instructions. For example: 
 What kind of user instructions you found? 
 Where those adequate and illustrative enough that one can learn to 
use the application on one's own? 
 What kind of additional user assistance you would have liked to re-
ceive? 
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3. How easy it was for you to learn how to use the application? What 
qualities of the application affected the learnability, either positively or 
negatively? 
4. What kind of emotions or feelings the usage of the application evoked 
in you? 
In addition to the open ended questions, the questionnaire included so called 
System Usability Scale (SUS), developed in 1980’s by John Brooke (1996). SUS 
is a simple ten statement Likert-scale (ranging from strongly disagree to strongly 
agree) questionnaire. The original SUS consists of five positively worded and five 
negatively worded statements: 
1. I think that I would like to use this system frequently 
2. I found the system unnecessarily complex. 
3. I thought the system was easy to use. 
4. I think that I would need the support of a technical person to be able to 
use this system. 
5. I found the various functions in this system were well integrated. 
6. I thought there was too much inconsistency in this system. 
7. I would imagine that most people would learn to use this system very 
quickly. 
8. I found the system very cumbersome to use. 
9. I felt very confident using the system. 
10. I needed to learn a lot of things before I could get going with this sys-
tem. 
Answers to SUS questions are recorded as ratings from 0-4, 0 meaning strongly 
disagree and 4 strongly agree. From these ratings an overall, single number, rat-
ing, later referred to as a SUS score, is formed by using the scoring instructions 
provided by Brooke (1996, p. 5). The SUS score ranges from 0-100, but it must 
be noted that it doesn’t represent a percentage. According to Bangor, Kortum and 
Miller (2009), who associated an adjective scale and traditional school ratings to 
SUS scores, the limit for worst imaginable usability is the SUS score of 25 and 
an application can be rated to be “OK” in terms of usability if it reaches the SUS 
score of little over 50. The adjective “OK” doesn’t represent a level of acceptable 
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usability though. An application should score around 70 in SUS scale to be ac-
ceptable in terms of usability. (Bangor;Kortum;& Miller, 2009.) 
There is also an all-positive version of SUS developed by Sauro and Lewis (2011) 
that provides at least equally reliable results than the original one. For this re-
search, the original SUS was selected though, because there was a ready-made, 
high quality, Finnish translation of it available (Vanhala, 2005, p. 26).   
SUS is not originally intended for qualitative analysis of product’s usability, there-
fore placing it to this questionnaire was a very unorthodox way of using it. There 
are several reasons for choosing to do so despite its quantitative nature:  
 SUS is meant for measuring users’ personal views on usability of a product 
(Brooke, 2013, p. 33). This is one of the key issues that this study aims to 
get insight into.  
 SUS concentrates on usability of a product as a whole, instead of focusing 
on usability of specific product features (Tullis & Stetson, 2004). 
 SUS measures both usability and learnability (Lewis & Sauro, 2009, pp. 
96-97). 
 The definition of usability in SUS is based on ISO 9241-11 standard 
(Brooke, 2013, pp. 32-34). 
 It doesn’t take long for a participants to answer SUS and it may help them 
to pay attention to different aspects of usability and to provide more in-
depth answers to the open-ended questions of the questionnaire. SUS 
was placed on the questionnaire between the open-ended questions 1 and 
2. 
Finally, as the last question of the questionnaire, participants were asked to grade 
their first impression of the application in scale of 4 to 10. The participants in this 
research were students in craft teacher education, so using this particular scale 
that is widely used in Finnish schools was considered to be the most natural and 
easiest way for them to grade the applications. Although such grade is a numeric 
evaluation, combined with results from SUS and especially with answers for the 
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open-ended questions, it potentially provides an additional dimension to the anal-
ysis in terms of how the participants feel about an application as an overall expe-
rience. 
This first impressions questionnaire in its original format is presented in Finnish 
in Appendix B and in English in Appendix C. 
After completing the design task, students were asked to answer to another ques-
tionnaire, separately for each application that they had used, regarding usability 
of the application. The questionnaire consisted of three types of questions: two 
open-ended background information questions, eight open-ended questions and 
eleven closed ones regarding application’s usability. 
Purpose of the background information questions was to gather information re-
garding participant’s level of expertise and previous experience on using similar 
applications and to find out in what kind of environment the participant used the 
application: 
1. Do you have any prior experience on using similar applications? If you do, 
please describe what kind of experience you have. 
2. Where and in what kind of circumstances did you use the application? Did 
these conditions correspond to your normal design environment? 
In this questionnaire the SUS was presented right after these preliminary ques-
tions. Using SUS in both, the first impressions questionnaire and in this second 
one, made it possible to compare the answers and analyze how users’ percep-
tions of applications’ usability potentially changed when they gained more expe-
rience about the applications. Placing SUS before any open-ended questions 
was intended to help participants to discern their thoughts and experiences be-
fore answering to any open-ended questions regarding applications’ usability. 
The eight open-ended questions were designed to gather users’ perceptions of 
all aspects of applications’ usability: functionality, traditional usability and user 
experience (see 3.4.2): 
1. Describe your experiences regarding application’s usability. 
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2. How satisfied were you with application’s usability? Why? 
3. Was the application useful in your opinion? Why? 
4. Did you notice any usability issues while using the application? If you did, 
please describe what kind of issues those were. Please rate severity of the 
problems in the following scale: 
1. Not a usability problem at all  
2. Cosmetic problem only 
3. Minor usability problem 
4. Major usability problem 
5. Usability catastrophe 
5. What features of the application did you like and didn’t like? Why? 
6. Did the application lack some features or functionalities in your opinion? 
7. What kind of feelings and/or thoughts did you experience while using the 
application? 
8. Do you think that this application could be recommended for other craft 
science students to use in their studies? Why or why not? 
Phrasing of the questions was designed to emphasize user’s personal experi-
ence by using expressions such as “in your opinion”, “do you think that” and “de-
scribe your experiences”. To most of the questions, additional question of “why” 
was added to induce more in-depth answers.  
Like in the first questionnaire the final question was to grade the application in 
scale of four to ten. The question was used for same reasons as in the first ques-
tionnaire and, in addition, to give the possibility to compare the grades given after 
some time of use with the grades based on first impressions. 
This second, usability questionnaire, in its original format is presented in Finnish 
in Appendix D and in English in Appendix E. 
5.2.3 Screen recording 
In order to gather observable data about participants’ design processes and how 
they used the applications, recording of all screen events during the design pro-
cess was chosen as one of the data collection methods. In many cases, screen 
 45 
recording is conducted in controlled, preset conditions, such as in a laboratory 
setting or in an environment otherwise controllable by the researcher. In this re-
search, however, this wasn’t an option, because the two main objectives of the 
multi-method approach of this research were to enable authentic, real-life working 
environment and style for the participants and, on the other hand, to the gather 
research data remotely. Thus designing an unmoderated screen recording pro-
cedure was required. 
Modern desktop computers and mobile devices have generally enough compu-
ting power for automated screen recording, using a recording software that runs 
on background, without slowing down other applications too much. Using such 
recording software though, if provided by an untrustworthy vendor, causes a po-
tential security breach. In this research special care was taken to choose a relia-
ble, lightweight and secure recording software for both, mobile and desktop de-
vices. 
For desktop computers there are countless screen recording applications availa-
ble on the market. Some of the applications are only meant for screen recording 
and some offer screen recording as an additional feature. Because participants 
used the screen recording software on their own devices, a decision was made 
early on that the application must be free of charge and preferably non-commer-
cial. A search was made for suitable applications and three open-source screen 
recording applications were chosen for further evaluation and testing: CamStu-
dio2, Open Broadcaster Software3 and VLC media player4. In testing phase, Cam-
Studio proved to be technically too unstable and resource-consuming. Open 
Broadcaster Software required too much configuration from user’s apart, which 
could have potentially caused failed recording sessions and high need for tech-
nical support. VLC media player, commonly known as VLC, on the other hand, 
was easy enough to use and lightweight in test recording sessions done with an 
average laptop computer. 
                                            
2 http://camstudio.org/ 
3 https://obsproject.com/ 
4 http://www.videolan.org/vlc/ 
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In addition to technical performance, VLC had some further advantages com-
pared to the other two candidates. It’s one of the most used media players in the 
world and therefore it’s likely that some of the participants, if not all, had used it 
prior to this research and therefore were familiar with its user interface. Further-
more, VLC is very actively developed and maintained by members of the Video-
LAN non-profit organization. When a software is actively maintained by a large 
group of people, it generally means that possible security issues and other flaws 
in the software are usually fixed quickly. Based on these factors, VLC was chosen 
as the recording software for desktop devices. 
Due to the wide variety of different mobile devices, arranging reliable screen re-
cording, using participants’ own devices, would have been very difficult. There-
fore the participants were provided with preconfigured iPads that they could keep 
for the whole length of the course. Thus the need was to find a suitable screen 
recording application for Apple iOS operating system. 
Apple doesn’t allow applications that include screen recording functionality to be 
published in its application distribution platform, App Store, due to security rea-
sons. The only screen recording application available in App Store is UX Re-
corder5, but it’s only meant for usability testing of websites and it doesn’t record 
actions in other applications than a web browser, therefore UX Recorder couldn’t 
be used in this research. For iPads, using iOS 8 or later, Apple offers a possibility 
to record screen events using Quicktime media player provided by Apple. Re-
cording with Quicktime, however, requires iPad to be connected to a computer 
with a cable and therefore it didn’t satisfy the demand of enabling an authentic 
real life working environment and style for test participants. Therefore Quicktime 
was discarded as a suitable recording software. 
Most of the other screen recording applications available for iPad require so 
called jailbreaking of the iPad device. Jailbreaking means modifying the iOS op-
erating system to gain full root access to the device and to remove all software 
restrictions imposed by iOS operating system. Jailbreaking voids warranty of the 
                                            
5 http://www.uxrecorder.com/ 
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device, so naturally this wasn’t an option with devices owned by University of 
Helsinki’s craft science and textile teacher education. 
Due to these limitations the options for the screen recording application were very 
limited. Luckily an application called Shou6 was found that didn’t require jailbreak-
ing the device and enabled fully stand-alone screen recording without cables or 
application restrictions. Shou is developed for needs of members of the online 
gaming community who want to record and publish or stream videos of their game 
play. Although Shou was still in beta development stage, it had become very pop-
ular. During testing, Shou was found to be very easy to use and lightweight so it 
was chosen as the mobile recording application for this research. 
For both, desktop and mobile recording step-by step-written instructions, pre-
sented in Appendices F and G, were provided for participants. The recording pro-
cedure was also presented to participants as thoroughly as possible at the first 
offline meeting of the Virtual Design Studio -course. During the meeting partici-
pants also had an opportunity to test the iPad recording and ask questions about 
the recording procedure. To further minimize the risk of failed recordings, an 
online helpdesk was created to course’s private Moodle-platform. 
To minimize the risk of security breach of personal data the following written se-
curity instructions were provided to the participants and the importance of exer-
cising these instructions was emphasized during the first offline meeting: 
When you record screen events, either by iPad or by a desktop or a laptop 
computer, please remember these simple security instructions! 
It’s advisable to prepare for a recording session by closing all unnecessary 
applications and personal webpages. 
While recording: 
 Do not login nor enter a password in any application! 
 Don’t do anything on the screen that you don’t want to show in the 
video, such as: 
                                            
6 https://shou.tv/ 
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o Watch personal pictures 
o Read email 
o Discuss online e.g. through Facebook 
o Use netbank 
 Don’t use any such files that you don’t want to present in the video 
5.2.4 Writing tasks 
To gather rich descriptive and attitudinal data about both, the participants’ design 
processes and usability of the applications tested, two writing tasks were de-
signed. The first writing task focused solely on the design process. The second 
task, on the other hand, covered aspects of user experience but also gave par-
ticipants an opportunity to brainstorming on how the applications and ICT in gen-
eral could be used creatively in craft. 
The first writing task presented below was designed based on the instructions for 
observing one’s individual craft-design process that were given to participants 
with the design task (see 5.2.1). Using similar wording and same supporting 
questions, than in the instructions, was intended to make it easier for participants 
to recall different aspects of their design processes. 
Describe your design process and how use of the applications affected it, 
in your opinion, as closely as possible. 
You can write, for example, based on the questions below. Please notice 
though that the list is suggestive and merely meant for support. Every in-
dividual design process differs from others, and therefore everyone has to 
define the key points and characteristic of their design process individually. 
 What were your inspiration sources and how did you find the initial idea 
for your design? How did the idea crystallize? 
 In what order did you do your design? Where did you start from, what 
did you design first, what last? 
 How much design work did you do “inside your head”, in mental level 
and how much utilizing design aids (pen and paper, the application, 
material samples, experiments etc.)? 
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 What kind of ideas and sketches did you generate? Why did you aban-
don those? Did something transfer from those to the final design? 
 To what product attribute did you pay most attention/ used the most 
time to in your design (e.g. aesthetics, technical aspects, materials…)? 
Please notice that time used also refers to time spent to thinking/ de-
veloping ideas/ problem solving without visual representations or 
sketches. 
 Did you experience “the agony of creation”? Did you get stuck in some 
stage? Did some part of the design work progress easily from start to 
finish? 
The purpose of second writing task, from course’s point of view, was twofold: to 
gather data for this research and, on the other hand, to provide suitable task for 
reflection and for further applications of what has been learned during the course. 
The task instructions (see below) were written in such manner that those empha-
sized participants’ personal experiences, thoughts and views and one could say 
that the spirit of the task reflects Masterton’s (2007, p. 22) suggestion of misusing 
ICT to promote creativity. 
Write a short (approx. 1-2 A4) reflection on how the applications you tested 
and other ICT (e.g. social media, internet, other applications etc.) could be 
utilized creatively as part of craft science studies and teaching craft. The 
ideas don’t have to be directly applicable to practice, so don’t hesitate to 
bring forward even the wild ideas! In addition, describe what kind of feeling 
and thought using the applications evoke in you. Have you come up with 
unorthodox ways of using the applications that the applications are not 
directly meant for?  
 
5.3 From individual methods to a multi-method  
Any of the methods described above don’t produce such multidimensional data 
alone that it could have been used as the only method for data gathering in this 
research. Together, however, these individual methods form a multi-method that 
presumably has the potential to provide rich and relevant data. Merely using all 
these methods in a study doesn’t form an effective multi-method and, therefore, 
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to mold these individual methods into a multi-method, relations between the indi-
vidual methods, timing of data gathering phases and later also data analyzes 
methods, were carefully planned with a view to achieve a seamless combination.  
The timing of individual methods was of the essence in this multi-method. It 
guided the participants through the design process and variety of the data gath-
ering tasks. The participants were first introduced to the whole process in a face-
to-face course meeting, where they got the first introduction with the applications 
and how to assess usability. The information gathered in the first questionnaire 
was designed to reflect the first impressions that participants got about the appli-
cations. In addition, the first questionnaire had another, not so obvious, purpose. 
It was meant, alongside with the written instructions given to participants, to in-
troduce the participants to the concept of usability and thus guide them to pay 
attention to issues that were significant for assessing usability during the design 
task and later in the second questionnaire.  
Where the first questionnaire, in a way, formed a bridge between the design pro-
cess and assessing usability, the first phase of the design task was designed to 
form a similar connection between the design task and the applications. Its main 
purpose was to present the participants with a design problem and help them to 
narrow it down and determine some of the necessary design constraints and thus 
help them to begin the actual design process (see Lawson, 1997, pp. 83-112; 
Anttila, 1993, p. 111; Pahl & Beitz, 1996, p. 65). In addition, by this phase that 
was purposely set after the introduction phase with the applications and the first 
questionnaire, it was designed to give participants an opportunity to take the ap-
plications into consideration when they determined what kind of a product they 
were planning to design. This effect that the first impressions about the applica-
tions potentially had on the choice of the products designed also raised interest-
ing questions from the research’s point of view: What kind of products participants 
chose to design and did it seem obvious that the first impression about the appli-
cation affected the choices and if yes, how? Did the participants get different 
ideas of suitable products to be designed with the application after the design 
process? Did this possible effect emerge in participants’ writings or questionnaire 
answers later in the study process?  
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Screen recording during the design task, in contrast to the first questionnaire and 
instructions, was designed to influence the participants and their design pro-
cesses as little as possible, thus providing valuable data for the research. If used 
alone, screen recordings without voice wouldn’t have carried much value to the 
research, but when observations and analysis methods of the recordings were 
combined and compared with the information gathered using the other methods, 
it had the potential to provide essential observable behavioral data about the de-
sign processes and usability of the applications that the other methods couldn’t 
have provided.  
The writing task about the design process and the second questionnaire about 
the applications’ usability were timed immediately after the design process, in 
order to avoid memory lapses. The second questionnaire partially duplicated the 
same questions that were asked from the participants in the first questionnaire. 
This provided the opportunity to compare the answers between the two question-
naires. The writing task gave the participants an opportunity to assess and reflect 
their design processes and the effects that using the applications may have had 
on the processes. The instructions given to them before the design task, regard-
ing becoming conscious of the nature and characteristics of the design pro-
cesses, were designed to help the participants especially in this writing task. Alt-
hough the writing task was mainly designed for gathering data on the design pro-
cesses, it had also aspects of usability incorporate into it. 
To finalize the whole process and to gather even further attitudinal data about the 
applications and especially user experiences, to be later combined with the find-
ings from other data types, the participants were given the final writing task. The 
instructions for this final writing task were rather vague and thus gave room for 
expressing such thoughts and feelings that didn’t emerge in other writings or 
questionnaires. Naturally, it was impossible to predict beforehand all possible as-
pects participants covered in these writings and thus suitability of the content to 
this research, but this was seen as an asset, because the writings had the poten-
tial to raise new questions and fields of interest for further research. 
The course of this research as a multi-method approach and the fields of interest 
of every individual method are illustrated in figure 7. 
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Figure 7: Course of the multi-method and fields of interest of individual methods 
 
 
  
Design  
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Questionnaire about first 
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Design task   
Questionnaire about appli-
cation’s usability 
Writing task about partici-
pant’s design process 
Writing task about partici-
pant’s feelings and further 
ideas on how to use the 
application. 
Screen recording 
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6 Data collection and analysis 
 
6.1 How the applications to be evaluated were chosen? 
For this research, five applications, intended for craft design, were chosen. These 
applications were chosen from a list of 64 craft design applications that was gath-
ered in the bachelor’s thesis preceding this research (Marttonen, 2014). The list 
is presented in the Appendix A. The applications chosen had to be suitable for 
craft science students to use in their studies. Therefore, and to ensure that the 
applications were suitable for this research, three basic preliminary criteria were 
determined that the applications chosen for further evaluation had to fulfil: 
1. The application must cost less than 50 euros. 
2. The application must be actively maintained. 
3. The applications had to be available for either Apple iOS or Microsoft Win-
dows operating system. 
These criteria are somewhat self-explanatory. The price of an application had to 
be taken into consideration to ensure that it’s purchasable by students in higher 
education, who generally have a low income level (Opetus- ja kulttuuriministeriö, 
2014, pp. 28-31). Active maintenance and development of an application, on the 
other hand, was a prerequisite for it to be presumably available to purchase in 
the future and to ensure that possible errors in the application and security issues 
are being solved. An application was considered to be actively maintained, if an 
updated version of it was published within 2014 or later. The third, operating sys-
tem criterion was a direct corollary of the research methods used, especially due 
to the design of the screen recording method. Prior to applying the preliminary 
criteria to the list of applications, price and update details of all applications were 
updated. 13 applications met the preliminary criteria. These applications are 
listed in table 1. 
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Table 1: Application that met the preliminary criteria 
Name of the application Technique 
Price 
(€) 
Operating 
system 
Latest 
update 
Knitting iCharts Knitting 2.99 IOS 2014 
Quilt Studio Patchwork 0.00 IOS 2014 
Quiltography Patchwork 14.99 IOS 2015 
StitchBuddy HD Embroidery 9.99 IOS 2015 
StitchSketch Embroidery, 
crochet, Knit-
ting, beadwork 
7.99 IOS 2014 
The Art of Fabric Showtime Other 0.00* IOS 2014 
iWeaveIt Weaving 22.99 IOS/ADR 2015 
CStitch Embroidery 0.00 WIN 2014 
Embroidermodder Embroidery 0.00 - 2014 
TexGen Other 0.00 WIN/LNX 2014 
Crosti Embroidery 0.00 WIN/LNX/ADR 2014 
WinStitch 2014 / MaCStitch 
2014 
Embroidery 48.00 WIN/MAC 2014 
Weaving Sim Weaving 0.00 WIN/MAC/LNX 2014 
 
Further elimination of unsuitable applications from the list was done using re-
searcher’s own judgement and expertise from the field of ICT. The following ap-
plications were eliminated as not being suitable for this research: 
1. Embroidermodder because it was only available as a development version 
that required substantial amount of technical expertise to install. 
2. The Art of Fabric Showtime because it was based on in-application pur-
chases and therefore the cost of the entire application was impossible to 
determine. 
3. TexGen because it’s mainly intended for digital modeling of fabric struc-
tures and mainly used for research purposes. 
4. Quilt Studio and Quiltography because quilting as a craft technique is not 
widely handled in craft design education. 
5. StitchBuddy HD because it only offers machine embroidery design for nar-
row range of sewing machines. 
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In the remaining group of 7 craft design applications were four very similar appli-
cations for embroidery design: StitchSketch, CStitch, WinStitch 2014 / MaCStitch 
2014 and Crosti. From these, two applications were chosen for the research: 
StitchSketch for having widest selection of features compared to the other three 
and CStitch for being an open source7 application. Open source is an asset from 
this researche’s point of view because open source applications can be modified, 
further developed and, as further advantage, are free of charge. 
Hence, the applications chosen to be evaluated in this research were:  
• CStitch for embroidery 
• iWeaveIt for weaving 
• Knitting iCharts for knitting 
• StitchSketch for embroidery, knitting, crochet and beadwork 
• Weaving Sim for weaving 
Three application pairs were formed from these applications: knitting, embroidery 
and weaving:  
1. Knitting: Knitting iCharts and StitchSketch 
2. Embroidery: StitchSketch and CStitch 
3. Weaving: iWeaveIt and Weaving Sim 
Every participant tested one pair of applications. StitchSketch was included into 
two groups, knitting and embroidery, because it’s intended for both craft tech-
niques and also to make three even application groups. The participants had to 
use both of the applications and make one version of the same product with each 
of the applications. Mobile device applications, StitchSketch, iWeaveIt and Knit-
ting iCarts were preinstalled to the iPads that the participants were provided with. 
Written installation instructions were provided for desktop applications, CStitch 
and Weaving Sim. 
                                            
7 For more information about open source refer to https://opensource.org/ 
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6.2 Virtual Design Studio -course and participants 
Virtual Design Studio -course was an optional, 3 credits course of advanced craft-
science studies for master’s degree students. The following is a liberal translation 
of the course description that was provided to students in the syllabus: 
Objectives: 
To contemplate craft as a virtual phenomenon and acquire readiness for 
working in virtual environment. To understand and apply in practice prin-
ciples of research-based collaborative design. The aim is to design, exe-
cute and review a craft project by exploiting virtual environment. 
Contents: 
Craft as collaborative product design. Collaborative development of con-
ceptual and visual design ideas. Design, execution and review of a product 
or a product rage based on current, yearly changing design task and 
theme. 
In spring 2015 the Virtual Design Studio course was held between March 10th 
and April 30th. Nine students registered to the course and eight of them actually 
participated to the course as well as to this research. In this report the participants 
are identified by letters from A to H. 
The course had three 90 minutes face-to-face meetings: March 10th, March 26th 
and April 14th. In the first meeting, students were given all necessary instructions 
for the course task and they got a chance to experiment with the screen recording 
software. Every participant was given one pair of applications to work with and to 
asses during the course. The application pairs and participants assigned to the 
group are presented in the following table (table 2). 
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Table 2: Division of participants between application pairs 
Technique Applications Participants 
Embroidery 
StitchSketch 
CStitch 
Participant F 
Participant G 
Participant H 
Knitting 
Knitting iCharts 
StitchSketch 
Participant A 
Participant B 
Participant D 
Weaving 
iWeaveIt 
Weaving Sim 
Participant C 
Participant E 
 
In the second meeting the students got to test all the mobile applications, not just 
the ones they were given to use and brainstorm possible ways for using the ap-
plications and discuss about their experiences. The final meeting was intended 
for summarizing the course and for open discussion about the applications, us-
age of ICT in craft-design and about teaching craft in general. 
The actual course task, as described earlier, was fully completed as remote work, 
utilizing Moodle8 online learning platform. All instructions and course documen-
tation was available for the students in course’s private Moodle area. The stu-
dents also submitted all their course tasks and answered to the questionnaires 
through Moodle. Moodle is commonly used in University of Helsinki and therefore 
students didn’t need separate instructions nor briefing for using it. 
When the participants were asked about their previous experience regarding sim-
ilar craft design applications, three of them reported that they had used an appli-
cation called WeavePoint9 before for weave designing. WeavePoint is used in all 
weaving courses arranged within the craft science education. Other than that, 
any of the participants didn’t have any previous experience on craft design appli-
cations. This, alongside with observations made by the researcher during the 
face-to-face meeting, implies that this group of participants was a fairly homoge-
neous group in terms of their previous experience and technical skill level.  
                                            
8 https://moodle.org/ 
9 http://www.weavepoint.com/ 
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Participants were females, roughly between 20 to 50 years of age. All of them 
were experienced, devoted student and highly motivated to participate to the 
course and research. Every participant completed the course. 
 
6.3 Description of the research data and background infor-
mation of the participants 
The research data consisted of two sets of qualitative questionnaire answers, 
screen event recordings and two sets of writings.  
Before the design task the participants were asked to define a product they were 
about to design and to describe a space that the product was intended for and 
also to describe a real or imaginary customer or target group that they designed 
the product for. Table 3 presents the product, space and customer for every par-
ticipant.  
 
Table 3: Participants' choices for a product, space and customer for the design task 
Participant Product Space Customer 
Participant A Decorational pil-
lowcase 
Living room / bed-
room 
Young adults inter-
ested in home dé-
cor.  
Participant B Decorational pil-
lowcase 
Livingroom Adults interested in 
home décor. 
Participant C Floor pillow (case) Child’s own room Child / adolescent 
Participant D Nap blanket N/A Participant’s god-
son 
Participant E Table runner Summer house Participant’s father 
and summer house 
guests. 
Participant F Dining chair Dining room / din-
ing space 
Young, trendy cou-
ple 
Participant G Visual element / 
symbolic mark 
Subway hall N/A 
Participant H Decorational em-
broidery 
Primarily to home, 
but also movable 
Cat owners 
 
First questionnaire, about first impressions of the applications, was answered 15 
times. The open-ended questions in the questionnaire produced answers ranging 
from 1 to 173 words. Detailed information about minimum and maximum, as well 
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as average and median amounts of words per question, including standard devi-
ations is presented in table 4. There was significant variation in word counts be-
tween some of the participants. Participant H had an average word count of 75 
words for all open-ended questions, whereas participant F’s average word count 
was only 11 words and participant C’s 19 words. For other participants the word 
counts varied between 43 and 60 words. It must be noted though that the word 
count doesn’t necessarily directly correspond to quality of the answers. 
Table 4: Detailed information about word counts for open-ended questions in question-
naire 1 
Question 
Min. 
words 
Max. 
words 
?̅? 𝑴𝒅 𝒔 
Describe your first impressions about the appli-
cation and observations you’ve made regarding 
the application and its usability. 
14 173 61 46 43 
Write about your first observations regarding ap-
plication’s user manual and other instructions… 
9 100 44 38 30 
How easy it was for you to learn how to use the 
application? What qualities of the application af-
fected the learnability, either positively or nega-
tively? 
4 73 40 36 24 
What kind of emotions or feelings the usage of 
the application evoked in you? 
1 88 32 18 30 
 
The second questionnaire, about applications’ usability, also received 15 an-
swers. In this questionnaire the open-ended questions received similar average 
word counts than the first questionnaire (see table 5). Like in the first question-
naire, the average word count per participant varied. Where participants C and F 
had average word counts of 23 and 11, participant D had an average word count 
of 67. Other participants averaged between 33 and 49 words. The first two open-
ended questions weren’t included to the evaluation as those weren’t meant for 
assessing usability of the application. Questions 8 and 10 were excluded from 
the word count evaluation because those asked mainly lists of usability problems 
or lacking features of the application. 
 
 60 
Table 5: Detailed information about word counts for open-ended questions in question-
naire 2 
Question 
Min. 
words 
Max. 
words 
?̅? 𝑴𝒅 𝒔 
Describe your experiences regarding applica-
tion’s usability. 
10 150 71 72 43 
How satisfied were you with application’s usabil-
ity? Why? 
12 99 37 36 22 
Was the application useful in your opinion? 
Why? 
8 65 30 22 19 
What features of the application did you like and 
didn’t like? Why? 
2 70 29 29 19 
What kind of feelings and/or thoughts did you 
experience while using the application? 
5 65 25 19 17 
Do you think that this application could be rec-
ommended for other craft science students to 
use in their studies? Why or why not? 
7 95 38 38 25 
 
In second questionnaire’s question 2, participants were asked about the environ-
ment and circumstances where the participants used the applications for the de-
sign task. Participants reported that they used the applications at home and, in 
addition to that, some of them reported using the applications at university or in 
public transportation vehicles. In addition to location, two participants also de-
scribed the atmosphere of the environments in further detail. Participant F de-
scribed the atmosphere as relaxed and participant A described peaceful atmos-
phere of her design environment in following manner: 
A: I used the application at home, in circumstances where I had enough 
time to calm down. Music played in the background and I had brewed 
some coffee for me. 
Most of the participants assessed their design circumstances as corresponding 
to their usual way of designing. Participant D assessed her design environment 
as abnormal because normally she would had used other design methods and 
she used this type of applications for the first time in this Virtual Design Studio 
course. Some participants also reported some abnormalities in their design envi-
ronment or circumstances but still assesed it as normal. Participant H told that 
using CStitch caused an abnormality to her normal way of designing, with pen 
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and paper, as the desktop computer couldn’t be moved around the house. Par-
ticipant E usually had designed woven product at university’s computers that has 
Weavepoint software installed. Using other weaving design applications and de-
signing weaves at home was new to her. Participant F didn’t own a tablet device 
nor a smartphone and therefore designing “on the move” was completely new to 
her. 
Based on the answers, it can be stated that the method design was successful in 
the objective to enable authentic real life working environment and style for the 
participants. Although some abnormalities were reported, none of those abnor-
malities suggested that the data gathering method posed any restrictions to the 
participant. Furthermore, it’s noteworthy that none of the participants reported 
that the video recording of the screen events disturbed them. 
Total of almost 11 hours of video data was returned by the participants. Partici-
pant B’s recordings were unfortunately corrupted and participants E, G and H 
failed to do valid recordings on desktop computers. The detailed information of 
video data per participant and application is presented in table 6. The fact that 
most failed recordings occurred in desktop devices suggests that the video re-
cording procedure using VLC media player was too complex or the instructions 
given weren’t detailed or precise enough. Despite the missing recordings, every 
application received some video data. When analyzing usability of the applica-
tions that received only one recording, CStitch and Weaving sim, the video data 
was treated as more subsidiary source of information. 
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Table 6: Distribution of the video data between applications and participants 
 Total duration of video data per participant (mm:ss) 
Total 
mm:ss 
 A B C D E F G H  
CStitch      13:37 - - 13:37 
iWeaveIt   81:17  50:46    132:03 
Knitting 
iCharts 
63:09 -  35:10     98:19 
Stitch-
Sketch 
8:26 -  16:20  99:23 155:52 67:34 347:35 
Weaving 
Sim 
  53:09  -    53:09 
Total 
mm:ss 
71:35 - 134:26 51:30 50:46 113:00 155:52 67:34 644:43 
 
 
The final data group were the writings provided by the participants. In the first 
writing task participants were to describe their design processes, in the second 
writing task participants were asked to reflect their experiences and to provide 
new ideas (see 5.2.4). The writings to first task ranged from 59 to 491 words (?̅? ≈
221, 𝑴𝒅 ≈ 215, 𝑠 ≈ 126). Lengths of writings for second writing task were more 
constant, ranging from 225 to 512 words (?̅? ≈ 347, 𝑴𝒅 ≈ 327, 𝑠 ≈ 120). Similarly 
to the open-ended questions word count averages, participants C and F had the 
lowest average word counts, 197 and 134, and participants D and H had the 
highest averages, 487 and 371 words.   
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6.4 Data analysis methods 
All data, excluding SUS scorings, was analyzed using qualitative content analy-
sis, with Atlas.ti10 software, version 7.5.10. The data analysis followed the proce-
dures of qualitative content analysis, developed by Mayring (2000). Qualitative 
content analysis is, according to Kohlbacher (2006), a highly recommendable 
data analysis method for case study research, especially if the research data 
contains multiple types of data. With qualitative content analysis it’s possible to 
analyze the data with openness and with theory-guided point of view simultane-
ously (Kohlbacher, 2006).  
The data was divided into categories to structure and simplify the analysis and to 
enable efficient data analysis with Atlas.ti (see table 7). The data categories were 
based on the cases. Design context category was added to fetch context infor-
mation for both, usability evaluation and design process analysis. The categories 
for individual applications were used primarily for usability analyses, but also for 
design process analyses to find possible differences in design processes be-
tween the applications. The data categories were analyzed separately and later 
compared with each other and analyzed together. 
Table 7: Data families formed for data analysis 
Data category Questionnaires Written data Video data 
Design context Q2, answers to question 
2 
  
CStitch Q1 and Q2, answers re-
lated to the application 
 videos related to 
the application 
iWeaveIt Q1 and Q2, answers re-
lated to the application 
 videos related to 
the application 
Knitting iCharts Q1 and Q2, answers re-
lated to the application 
 videos related to 
the application 
StitchSketch Q1 and Q2, answers re-
lated to the application 
 videos related to 
the application 
Weaving Sim Q1 and Q2, answers re-
lated to the application 
 videos related to 
the application 
Design process  Design process de-
scriptions, reflec-
tions 
All video data 
                                            
10 http://atlasti.com/ 
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All data types were coded and analyzed twice and codings that changed between 
the two analyses rounds were further re-examined to avoid any misconstructions. 
Segmentation of the data was done using thematic criterion. The coding frame 
was formed both inductively and deductively (see Mayring, 2000; Elo & Kyngäs, 
2008). The coding frame is presented in table 8. Based on the research ques-
tions, three main categories were defined deductively: design context, design 
process and usability that also correspond the data categories. Although these 
categories correspond to the data categories in naming, coding certain data type 
wasn’t restricted to specific coding categories. This was done to enable cross-
case synthesis analysis (see Yin, 2003, pp. 133-137). An additional main cate-
gory, comparison, emerged from the data during the first analysis round. 
 
Table 8: Coding frame for qualitative content analysis 
Main cate-
gory 
Predefined subcate-
gories (codes) 
Subcategories 
(codes) added dur-
ing analysis  
Additional descrip-
tive codes added 
during analysis 
Comparison   comparison 
 
 pen and paper 
 to other applications 
Design con-
text 
 abnormal design 
context 
 normal design con-
text 
  
 location 
 
  bus, train etc. 
 home 
 school 
 several 
  mood  
Design pro-
cess 
  aesthetics 
 color design 
 design constraints 
 experimenting 
 first mental image 
 further development 
of ideas 
 inspiration 
 material conscious-
ness 
 mental level design-
ing 
 sketching 
 new blank design 
 start from previous 
sketch 
 sketch 1...sketch 9 
 less experimental 
 more experimental 
 no action 
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 structural design 
Usability  context coverage 
 efficiency 
 errors 
 learnability 
 memorability 
  awkward 
 clear 
 complex 
 easy 
 slow 
 user experience   annoying 
 boring 
 confusion 
 encouraging 
 frustrating 
 happy 
 interesting 
 irresolute 
 satisfaction 
 unsure 
 functionality   missing feature 
 simple 
 suggestion 
 too simple 
 negative usability 
 positive usability 
  browsing through 
menus 
 usability problem 
 
Subcategories for the main categories and additional descriptive codes were de-
fined both, inductively and deductively, depending on the main category. Coding 
definition procedure for every main category, subcategories and additional de-
scriptive codes is outlined here, separately for every main category. The entire 
codingbook, with precies code descriptions and examples is presented in Appen-
dix H.  
For Comparison category, additional descriptive codes were naturally defined in-
ductively as the main category itself was produced inductively. Purpose of this 
category was to extract all comparisons made to other design methods and ap-
plications from the data. The additional descriptive codes for this category are 
self-explanatory in meaning. 
For the main category Design context subcategories and additional descriptive 
codes were defined both, inductively and deductively. The deductively produced 
subcategories: abnormal design context, normal design context and location, 
were deduced from the question 2 in questionnaire 2: Where and in what kind of 
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circumstances did you use the application? Did these conditions correspond to 
your normal design environment? Codes abnormal design context and normal 
design context were applied for written remarks where participants assessed if 
their design context corresponded their normal design environment. The deduc-
tively added subcategory, location, and its inductively added additional descrip-
tive codes are self-explanatory. The subcategory mood was added inductively 
during the analysis for remarks of mood and atmosphere of the design context. 
All subcategories and additional descriptive codes for the main category Design 
process were defined inductively. Although the subcategories arose from the 
data, the categories were based on the design activities, design constraints and 
models of design process presented in theory (see chapter 2). The subcategories 
describe phases of design process, design actions and characteristics of idea 
development. The additional descriptive codes point mostly to technical stages 
of the design process, such as the beginning of a design session, periods of no 
action and sketch count. In addition, the descriptive codes were added to further 
define participants’ assessments of their level of experimenting. Most of the 
codes in this main category are self-explanatory in meaning. The sketch numbers 
were added to video data. For every design process recording with one applica-
tion, consisting of one or multiple videos, the sketches were counted. A sketch 
was defined as a new sketch if a participant started from scratch, derived a new 
version of a design from a previous sketch that she saved, started a new blank 
design after a previous sketch or clearly took a new direction in idea development. 
Subcategories for usability were deductively derived directly from the theory and 
the definition of usability in this research that incorporates traditional usability, 
functionality and user experience. The subcategories representing traditional us-
ability: context coverage, efficiency, errors, learnability and memorability were 
derived from Nielsen’s (1993, pp. 24-26) model of usability and the usability 
standards (ISO, 1998; ISO/IEC, 2011). To set apart remarks and observations 
from the video data that represented positive usability or negative usability, cor-
responding subcategories were included to the coding frame. Although the cate-
gory frame for usability was built deductively, additional descriptive codes were 
added inductively during the analysis. Especially for analysis of user experience 
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these descriptive codes were highly significant, as those described the actual 
emotions expressed by the participants. 
In this research, the coding procedure was further defined by setting the data to 
a specific order for analysis. In the first analysis round, all video data was ana-
lyzed before any written or questionnaire data was even read. This was done to 
make sure that participants’ opinions or remarks of possible errors or usability 
problems, wouldn’t affect the analysis of the video data. This enabled objective 
analysis of the video data during the first analysis round. After the video analysis, 
all written data was analyzed. During the second analyses round, participants’ 
observations were compared with the video data to find possible further connec-
tions. The analyses cycles were repeated after two rounds of analysis for those 
parts of the data were the coding between the first two rounds didn’t match, until 
no changes occurred in coding between analyses rounds. 
The SUS questions, included in both questionnaires, were analyzed using scaling 
instructions provided by Brooke (1996, p. 5). Although the SUS scores are nu-
meric values, ranging from 0-100, no quantitative analysis of the scores was con-
ducted. The scores were converted to adjective descriptions based on the adjec-
tive scale associated to SUS scores by Bangor, Kortum and Miller (2009) (see 
figure 8). The adjective ratings were then compared with the results of the quali-
tative content analysis. 
 
Figure 8: A comparison of the adjective ratings, acceptability scores, and school grading 
scales, in relation to the average SUS score (Bangor;Kortum;& Miller, 2009, s. 121) 
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7 Results 
7.1 Usability of the applications 
7.1.1 CStitch for embroidery 
The version of CStitch that participants F, G and H tested was 0.9.6, published in 
April 28th 2015. New version of the application has been published after the test-
ing period that may have fixed some of the usability issues described in these 
findings. Only video data available for CStitch was participant F’s 13 minutes and 
37 seconds long video. Participant G failed to install the application and partici-
pant H’s video was corrupted.  
Participant F used a design that she had made with StitchSketch as basis for the 
design she made with CStitch. From the video analysis it became evident that 
she had substantial difficulties in using the application. Most activity captured on 
the video was browsing through menus and testing menu buttons to find such 
functionality that she could have used for designing. It seemed that she couldn’t 
find such functionality that she either thought was useful or understood how to 
use. Finally, when she experimented with color editing features, she produced 
one new version of the design that became the final design. In addition to the 
difficulties during designing, the video also showed difficulties on trying to save 
the design. The participant tried to save the design as an image and failed to do 
so.  
In the first questionnaire about application’s usability, Participants F and H both 
gave crushing reviews about the application. There were no positive remarks 
made about the application. Difficulty to understand how the application functions 
was the main negative argument that both participants made. They thought the 
application was too complex to learn, manuals and instructions provided were 
also too complex and contained such wording that participant H had to use a 
dictionary to understand the instructions and participant F called for a Finnish 
translation. Both participants also criticized functionality of the application, be-
cause it didn’t offer a possibility to start from a blank sketch. 
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All remarks made about user experiences of CStitch were also negative. Both 
participants provided strong emotional answers to the question: What kind of 
emotions or feelings the usage of the application evoked in you? Participant F 
simply used one word “Aggression” to describe her feelings, which is a very 
strong expression of ultimate negative emotions. Participant H described her neg-
ative feelings in great detail. Her answer reflected strong annoyance, confusion 
and discouragement to continue using the application: 
H: Experimenting with the application made me feel annoyed and frus-
trated. Too awkward for a short tempered and impatient person like my-
self. Too complex. I faced so many obstacles that those totally discour-
aged me and didn’t encourage me to carry on and try new things. All down 
the line I just wanted to shut down the whole application. It took lots of 
gathering nerves and gnashing of teeth. Not a very enjoyable nor uplifting 
experience. 
In answers to the second questionnaire, about application’s usability, both partic-
ipants pointed out that the application would suit to converting pictures to embroi-
dery charts. Other than that, the participants didn’t find anything positive to say 
about the application. Especially learnability of the application was considered to 
be very bad. Both participants stated that they didn’t learn how to use the appli-
cation at all. Video data analysis supports this as well, because substantial 
amount of the design time, recorded in the video, was used to browsing through 
menus and experimenting with functions of different menu buttons. In addition to 
learnability, participant H stated that she had difficulties in remembering from 
where to find application features that she had already previously used. This sug-
gest that CStitch has neither: good learnability nor memorability. 
Both participants described the application as difficult to use and too complex. 
They felt that the application didn’t suit to the design task that was given to them, 
due to the lack of possibility to start from scratch. It must be noted though that 
neither of the participants realized that the design task didn’t limit the design pro-
cess to designing from scratch only and that they could have used, for example, 
an image that inspired them as basis for the design. Video data shows how par-
ticipant F compensated this application’s lack of possibility to start from a blank 
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design by using a design made with another application as the basis for the de-
sign. 
When asked about specific usability problems that the participants may had 
found, both participants mentioned difficulty to learn how to use the application. 
Participant H also considered application’s commands to be vague and strange. 
Interestingly, she also mentioned that saving the design didn’t work properly, 
which was the same issue observed in participant F’s design process video. This 
suggests that the conclusion made from the video data was correct. Participant 
H rated all the problems she mentioned to be major usability problems. Neither 
of the participants would have recommended CStitch to be used in craft-design 
studies. 
All expressions in the answers to the second questionnaire that reflected users’ 
emotions and user experiences were strongly negative. Participant F, when 
asked about the emotions evoked by use of the application, aptly encapsulated 
the feelings expressed by both participants by stating: 
F: Frustration and aggression. Stupid game! 
Furthermore, participant H also described feelings of uncertainty and even fear 
to use the application in multiple occasions. She also stated that the uncertainty 
and fear of making an irreversible error made her rush her design work and not 
do any experimenting with her design choices. Participant’s F video that showed 
a quick and straight forward design process, featuring only one version of the 
design, potentially indicates this very same issue. 
For SUS scale, ratings by participant F and H are represented in table 9. The final 
SUS scores, when compared to Bangor’s, Kortum’s and Miller’s (2009) adjective 
description of SUS scores, further emphasized the poor usability evaluation of 
CStitch. At the first impressions questionnaire, neither of the participants’ SUS 
scores reached even the limit value of 25 for worst imaginable usability. In the 
second questionnaire the scores increased, but still the adjective rating would be 
worst imaginable or at best, poor usability. These ratings support all the other 
results found in the data analysis. As a final confirmation for usability evaluation, 
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the common school grades, from 4-10, given to CStitch were 5- and 5 from par-
ticipant F and 6 on both questionnaires from participant H.  
Table 9: SUS scores for CStitch 
 
First impres-
sions (q1) 
Usability (q2) 
Participant F H F H 
I think that I would like to use this system frequently 0 0 0 3 
I found the system unnecessarily complex. 4 3 4 1 
I thought the system was easy to use. 0 1 1 1 
I think that I would need the support of a technical per-
son to be able to use this system. 
4 3 4 3 
I found the various functions in this system were well 
integrated. 
1 1 2 1 
I thought there was too much inconsistency in this sys-
tem. 
4 3 1 3 
I would imagine that most people would learn to use 
this system very quickly. 
1 2 0 1 
I found the system very cumbersome to use. 4 4 4 3 
I felt very confident using the system. 0 0 0 0 
I needed to learn a lot of things before I could get go-
ing with this system. 
3 4 4 4 
SUS score 7.5 15 15 30 
 
When the results are compared to Nielsen’s (1993, pp. 24-26) model of usability, 
CStitch’s most significant usability problems are poor learnability and that partic-
ipants were extremely unsatisfied with it, they didn’t like CStitch at all and wouldn’t 
have recommended it to other craft-science students. In addition to that, CStitch’s 
functions were difficult to remember and it had flaws in its saving feature. Effi-
ciency of CStitch couldn’t be evaluated in this research as the participants 
couldn’t learn how to use it at any level of efficiency.  
Same results for traditional usability of CStitch can be yielded using usability 
standards ISO 9241-11 (ISO, 1998) and ISO/IEC 25010 (ISO/IEC, 2011). Based 
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on the research data, the participant couldn’t use CStitch with even moderate 
level of effectiveness, efficiency nor satisfaction and therefore it can’t be consid-
ered to be usable in terms of ISO 9241-11 standard (ISO, 1998). In addition to 
factors used to define usability in ISO 9241-11 standard (ISO, 1998) and in Niel-
sen’s (1993, pp. 24-26) model of usability, ISO/IEC 25010 standard (ISO/IEC, 
2011) considers context coverage, comprised of context completeness and flex-
ibility, as a factor of usability. Both participants noted, in multiple occasions, that 
CStitch is a considerably one-dimensional application because it can’t be used to 
embroidery design from scratch and that the application didn’t suit to conducting 
the design task given to them, which was a very general in wording and didn’t 
limit the participants to any particular craft technique. Thus CStitch is neither, 
context complete nor flexible. This also implies that CStitch doesn’t have such 
functionality that it suits to embroidery design in more general level that was ex-
pected of it (cf. Nielsen, 1993, pp. 24-26; Jordan, 2000, pp. 4-6; McNamara & 
Kirakowski, 2006, pp. 26-27). 
In terms of user experience CStitch was given merely negative reviews. Partici-
pants expressed remarkably strong negative emotions, such as anger and ag-
gression, towards the application and using it. Thus, based on the ISO 9241-210 
standard’s (ISO, 2010, p. 3) definition of user experience, the result is crushing 
for CStitch in this area of usability as well. Overall, the results indicate unambig-
uously that Cstitch can be considered to be very poor in terms of all three dimen-
sion of usability: traditional usability, functionality and user experience. 
7.1.2 iWeaveIt for weaving 
Participants C and E provided in total little over 2 hours and 12 minutes of video 
data about their design processes, participant C 81 minutes and 17 seconds and 
participant E 50 minutes and 46 seconds. This was the second longest video data 
provided for one application in this research. Both of the participants also an-
swered both of the questionnaires regarding iWeaveIt. 
Participant C’s video data consisted of 8 videos, first six videos were between 
8.02 and 20.56 minutes long, the last two videos were shorter and the participant 
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only made minor modifications to her almost complete design in those. Partici-
pant E produced 5 videos, between 7.56 and 21.11 minutes in length. During the 
video data analyses no usability issues were observed. The design processes 
seemed effortless in terms of usability of the application. 
From the answers to the first questionnaire, regarding first impressions about the 
application, four usability problems emerged: Lack of detailed instructions, inabil-
ity to draw threading or treadling by dragging instead of tapping every threading 
or treadling one by one, missing possibility to draw design directly to the pattern 
and inadequate reverse and erase features. Despite these issues the participants 
liked the application and especially acknowledged its ease of use. Participant E 
encapsulated her first impressions well in the following answer to question re-
garding emotions evoked by usage of the application: 
E: The topmost image of the application was positive. It was easy to get 
started with it but modifications require more learning. The application is 
superb in a sense that experimenting with different kinds of treadlings and 
color combinations is quick with it. Without a doubt a useful application to 
those who weave more. I could imagine myself using this application in the 
future if I were to design a weaving pattern. 
The same usability issues were specified in answers to the second questionnaire 
as well. Furthermore, participant C noticed that changing colors is slow at times, 
which may have been caused by a flaw in the application or, more likely, by lack 
of computational power of the tablet device used. During the second round of 
video analysis these usability issues couldn’t be distinguished without a doubt 
because screen actions, possibly caused by the usability issues, could have been 
interpreted as experimenting with the design or just as pausing the design work 
for a moment. 
No actual errors in iWeaveIt were reported. The application is actively maintained, 
which most likely explains this low level of errors (cf. Nielsen, 1993, pp. 24-26). 
In addition to the missing or inadequate features mentioned as usability problems, 
Participants E suggested that the application should offer ability to adjust thread 
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thickness and fabric density. Despite the reported usability problems, both partic-
ipants expressed positive views regarding iWeaveIt’s functionality and useful-
ness. 
C: Yes it was [useful]. With it I could design what I wanted to design. In 
addition, it was possible to easily experiment with different design options 
by changing threading, treadling or tie-up. 
Based on the answers and video data, learnability and memorability of iWeaveIt 
seem to be relatively good (see Nielsen, 1993, pp. 24-26). Although the partici-
pants felt that they didn’t have enough detailed instructions, they still could design 
complex patterns without noticeable browsing through menus or searching for 
features in video data. Both participants also stated that it was easy to learn the 
basic functionalities of the application. With the more advanced features, the par-
ticipants felt that more time was required in order to learn those. Unlike with 
CStitch though, neither participant stated that they felt that they couldn’t learn 
how to use the application. 
In terms of efficiency, the lack of some functionalities posed some problems. De-
spite those, the participants evaluated iWeaveIt to be easy and quick to use. They 
also pointed out that with a mobile device it was possible to design where and 
whenever they wanted to. Both participants also produced many sketches during 
this first design task with this application, which suggests high efficiency. Overall 
iWeaveIt can be considered to be from moderate to highly efficient. (cf. Nielsen, 
1993, pp. 24-26; ISO, 1998; ISO/IEC, 2011.) 
In terms of user experience, both participants expressed that they were satisfied 
with the application (cf. Nielsen, 1993, pp. 24-26; ISO, 1998; ISO/IEC, 2011). All 
but one of the comments made that reflected user experience were positive, par-
ticipant E mentioned that the few missing functionalities started to aggravate her. 
Unlike in the case of CStitch, there were no strong negative emotions expressed 
in the answers. Participant C crystalized her emotions towards iWeaveIt into an 
emoticon: “ :) ”. Both participants would have recommended iWeaveIt to other 
craft science students to use. Participant E gave multiple reasons why iWeaveIt 
would be suitable for other students and craft science education in her opinion: 
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E: Most definitely this can and is worth to be recommended to others as it’s 
nonetheless so much easier and convenient choice compared to a pen and 
paper. One gets much better idea of the fabric, when the design updates di-
rectly to the screen when one works with the design. Experimenting with the 
applications is easy and with it it’s easy to test for example different kinds of 
treadlings and threadings quickly. 
SUS scores for iWeaveIt further validated the positive usability evaluation (see 
table 10). In the first questionnaire, participants C and E evaluated iWeaveIt to 
be almost good in Bangor’s, Kortum’s and Miller’s (2009) adjective scale associ-
ated to SUS scores. In the actual usability questionnaire, after completing the 
design task, both participants rated iWeaveIt as good or even excellent in the 
same scale. Especially participant C seemed satisfied with the application as her 
scoring raised substantially. Also the common Finnish school grades from 4-10 
were high in both questionnaires, 8 from both participant in the first questionnaire 
and 8 and 9- in the second one. 
Table 10: SUS scores for iWeaveIt 
 
First impres-
sions (q1) 
Usability 
(q2) 
Participant C E C E 
I think that I would like to use this system frequently 4 3 4 2 
I found the system unnecessarily complex. 2 2 2 2 
I thought the system was easy to use. 4 4 5 4 
I think that I would need the support of a technical per-
son to be able to use this system. 
2 2 1 2 
I found the various functions in this system were well in-
tegrated. 
3 4 4 3 
I thought there was too much inconsistency in this sys-
tem. 
3 3 1 2 
I would imagine that most people would learn to use this 
system very quickly. 
4 4 5 5 
I found the system very cumbersome to use. 2 1 1 1 
I felt very confident using the system. 3 3 4 4 
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I needed to learn a lot of things before I could get going 
with this system. 
2 1 2 1 
SUS score 67,5 72,5 87,5 75 
 
In terms of traditional usability, defined in this research by Nielsen’s (1993, pp. 
24-26) model of usability and usability standards ISO 9241-11 (ISO, 1998) and 
ISO/IEC 25010 (ISO/IEC, 2011), the data shows that iWeaveIt is a highly usable 
application. Regarding functionality, some problems were reported, but overall 
functionality was considered to be good. Both participants expressed that they 
liked the application and had had a positive user experience with it. Almost all 
emotions that the participants told to have experienced regarding iWeaveIt were 
positive. Therefore, also in terms of user experience, defined in ISO 9241-210 
(ISO, 2010, p. 3) standard, iWeaveIt proved to be a good or even excellent appli-
cation. Based on these positive evaluations in all areas of usability considered in 
this research, iWeaveIt can be evaluated as a highly usable application for hand 
weaving design. 
7.1.3 Knitting iCharts for knitting 
For Knitting iCharts, participants A and D submitted 98.19 minutes of video in 
total, 63.09 minutes from participant A and 35.10 minutes from participant D. Par-
ticipant B’s videos were unfortunately corrupted. In the video analysis, two peri-
ods of browsing through menus was observed in participant A’s videos. Both oc-
casions, when the menu browsing occurred, related to an attempt to save the 
design. A similar issue was observed in participant D’s video. This suggests that 
there were a usability issue in application’s saving functionality. In participant A’s 
videos no other usability issues were detected. In participant D’s video, a problem 
with removing color from chart was detected in addition to the saving issue. 
First impressions of Knitting iCharts were positive. In answers to the first ques-
tionnaire, all three participants expressed that they liked the application and felt 
that it was easy to learn how to use it. Good learnability and memorability of Knit-
ting iCharts was emphasized even further in the second questionnaire: 
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Q1, D: Implementation of the application didn’t require instruction, just by 
tapping on few buttons it was possible to figure out what possibilities there 
were. I wouldn’t have yearned for instructions anyway because the user 
interface was simple, well organized and consistent. 
Q2, A: Knitting iCharts is a simple application that is easy and quick to 
learn. It doesn’t have lots of different features that would take long time to 
learn. […] Remembering how to use the application was quick even after 
several days of not using it.  
 
The application was described by all participants as simple, which was seen as 
both: a positive and a negative issue in terms of usability. According to the par-
ticipants, the simplicity of Knitting iCharts made it easy to learn and encouraging. 
It made the participants feel confident on using the application. In addition, the 
instructions and the user manual provided by the application vendor received 
commendation from all participants. On the other hand, the application was eval-
uated, especially by participants A and B as being too simple. It was missing such 
features that would have been required for more advanced design work. The fea-
tures that the participants pointed out to be missing were: 
 cut, copy, paste and repeat 
 ability to draw by dragging instead of tapping on every square one by 
one 
 zoom in and out 
 wider selection of colors 
Because of these missing features, user experiences and feelings towards the 
applications were twofold: Where these downfalls in functionality, and because 
of that, downfalls in efficiency and context coverage of the applications, caused 
negative emotions, especially for participant A but also for participant B, partici-
pant D didn’t seem bothered by those at all. The differences between the users’ 
experiences emerged clearly in answers to the question, in the second question-
naire, regarding how satisfied the participants were with the application: 
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A: In the beginning I was satisfied with the application because of its ease 
of use, especially because using this type of applications and iPad in gen-
eral was unfamiliar to me. After some time of using the application, though, 
I noticed the shortcomings of the application that affected the user experi-
ence. I felt that designing with the application was slow and “childish”, i.e. 
somehow clumsy. When my own skill level improved, using the application 
felt frustrating.  
D: I was very satisfied with the usability. As I already mentioned, it encour-
age me towards more experimental designing in craft. Big plus to the ap-
plication for automatically saving the designed pattern, so I didn’t have to 
dread for losing the whole design, for example in a case of running out of 
battery. 
B: I felt that Knitting iCharts was a bit too simple, compared to StitchSketch 
application. Nonetheless, I’m fairly satisfied with its usability. With it, it’s 
possible to design different patterns and knitted surfaces. 
The possible usability issue with saving the design didn’t emerge in participants’ 
answers and therefore it remains unclear if there was an error in that functionality. 
The problem with removing the colors from the design, that was detected in par-
ticipant D’s video, was most likely due to the lack of the cut feature. Some slow-
ness in executing commands was detected by participants A and B. This could 
have been caused either by an error in the application or by lack of computational 
power in the iPads used for testing the application. No actual errors in the appli-
cation were reported. 
Despite the shortcomings in functionality, Knitting iCharts received high SUS 
scores from all participants (see table 11). The variation that was distinguished in 
participant’s expressions regarding user experience was perceptible also in the 
SUS scores. Participant A gave the lowest SUS scores in both questionnaires, 
whereas participant D gave the highest scores. It’s also noteworthy that SUS 
scores given by participants A and B in the second questionnaire were lower than 
in questionnaire 2, but in contrast to other two, participant D’s score increased. 
Participants A and B scored Knitting iCharts as OK or good in the adjective scale 
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applied to SUS. Participant D scored the application as excellent in both ques-
tionnaires. (see Bangor;Kortum;& Miller, 2009.) 
Table 11: SUS scores for Knitting iCharts 
 
First impressions 
(q1) 
Usability (q2) 
Participant A B D A B D 
I think that I would like to use this system fre-
quently 
2 4 4 2 2 5 
I found the system unnecessarily complex. 2 2 1 2 2 1 
I thought the system was easy to use. 4 4 5 5 4 5 
I think that I would need the support of a tech-
nical person to be able to use this system. 
1 1 1 2 1 1 
I found the various functions in this system 
were well integrated. 
4 4 4 2 4 5 
I thought there was too much inconsistency in 
this system. 
1 2 1 2 2 1 
I would imagine that most people would learn to 
use this system very quickly. 
5 5 5 5 5 5 
I found the system very cumbersome to use. 1 2 1 2 2 1 
I felt very confident using the system. 2 4 5 2 4 5 
I needed to learn a lot of things before I could 
get going with this system. 
2 1 2 1 2 2 
SUS score 75 82,5 92,5 67,5 75 97,5 
 
The common Finnish school grades, ranging from 4 to 10, given to Knitting 
iCharts in questionnaire one were 8 from participants A and B and 9 from partic-
ipant D. In the later, the actual usability questionnaire, the grades indicated simi-
lar shift in evaluations than in the SUS scores. Participant A gave the application 
only a grade 6 that corresponds to adjective decent. Participant B also graded 
the application lower than in the first questionnaire. She gave the application the 
grade 7 that corresponds to adjective acceptable. Participant D, on the other 
hand, gave Knitting iCharts a very high grade of 9.5 in the questionnaire two that 
describes the application as almost superb. 
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Overall, based on the research data, functionality, context coverage and effi-
ciency of Knitting iCharts leave room for improvements. Therefore, overall tradi-
tional usability of the application can’t be evaluated as excellent for all knitting 
design tasks. As the participants pointed out though, the application suits well for 
designing small sized knitting patterns. This issue of context coverage also ex-
plains, at least partially, the differences in user experiences, SUS scores and 
school grades given to Knitting iCharts. In contrast to the shortcomings in the 
other areas, learnability and memorability of Knitting iCharts was appraised to be 
excellent. Therefore, overall traditional usability of Knitting iCharts, based on Niel-
sen’s (1993, pp. 24-26) model of usability and usability standards ISO 9241-11 
(ISO, 1998) and ISO/IEC 25010 (ISO/IEC, 2011), is evaluated as good in this 
research and usability for simple knitting design tasks as excellent.  
This result is further supported by the participants’ opinions regarding if the ap-
plication could be recommended to be used in craft-science studies. All partici-
pants would have recommended it, at least to some degree, to other craft science 
students, but the participants A and B pointed out that it would better suit for craft 
hobbyists and to elementary school and junior high school students.  
B: The application could perhaps be used in craft science studies but, in 
my opinion, it may be a bit too simple and one-dimensional. I think the 
application would suit better for younger, elementary and junior high 
school aged student as an aid for designing knits. 
User experiences regarding Knitting iCharts were twofold as well. On the other 
hand the participants felt good about how well they could use the application but, 
in contrast, they expressed feelings of frustration and aggravation towards the 
limited functionality of the application. Participant D was inspired by the applica-
tion and expressed strong positive emotions towards it. Therefore the overall us-
ability of the application, combining elements of functionality, traditional usability 
and user experience can be evaluated similarly as the aspect of traditional usa-
bility: Knitting iCharts is excellent for some users and for simple knitting design 
tasks, but not optimal for everyone and for every design task. 
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7.1.4 StitchSketch for embroidery, knitting, crochet and beadwork 
Six participants from two groups tested StitchSketch. Participants F, G and H 
from the embroidery design group and participants A, B and D from the group 
that designed knits. StitchSketch received in total of nearly six hours of video data 
from participants A, D, F, G and H. Participant B’s videos were unfortunately cor-
rupted. The lengths and number of videos ranged from one 8.26 minutes long 
video from participant A to seven videos and total length of 155.52 minutes from 
participant G. All six participants answered to both questionnaires. 
In the video analysis, some browsing through menus was detected in multiple 
videos from several participants. The browsing was temporary and didn’t relate 
solely to any feature or functionality. It seems that participants had some prob-
lems finding desired functionalities instantly, but after some browsing, found the 
desired feature and were able to continue their work without any significant inter-
ruption. The questionnaire data supports this conclusion, for example participant 
B wrote in questionnaires 1 and 2: 
Q1, B: At first, the menu of the application was somewhat confusing and 
hard to comprehend, in my opinion. It was difficult for me to find from where 
to find specific functionalities. […] 
Q2, B: At first the application seemed a bit complicated but when I got to 
know the functionalities of the application little better I noticed how explicit 
and versatile it was. […] Designing the course task with this application 
was easy. […] 
Another issue detected from the video data was high number of tap errors that 
participants made. With a relatively small touch screen and large design area, 
where a single square, that represents for example one cross-stitch, is smaller 
than user’s fingertip, tap errors are naturally common. Participants could have 
likely avoided most of the tap errors by zooming in the design, but that might have 
slowed down the design process and made it harder to picture the whole design. 
So far, there is no universal solution developed to this usability issue of mobile 
devices and applications. Participant H pointed out this problem in her answer to 
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questionnaire 1 and suggested that it could be beneficial to use a touchscreen 
stylus for this type of precise design work: 
Q1, H: With this type of applications a touchscreen stylus could be helpful 
because for me, as a person with big fingertips, lots of tap errors occurred 
that slowed down drawing and designing and that started to aggravate me 
a lot after some time of use. 
From answers to the questionnaires, it became evident that the biggest usability 
issue with StitchSketch is learnability. Most of the participants reported that they 
had difficulties on learning how to use the application. Learning curve of the ap-
plication was longer than with the other applications that participants had tested 
and, at first, participants felt that StitchSketch is very difficult to use. On the other 
hand, views towards the application changed significantly between the first im-
pressions and the final usability evaluation. After some time of use most of the 
participants liked the application very much. Participant A described the learning 
curve and change in her image of the application incisively in questionnaire two: 
A: At first the application felt very challenging to use. It seemed like appli-
cation’s user interface was full of tiny buttons and I didn’t know from where 
to begin. During the first experimenting face I thought that I won’t learn to 
use this application at all. 
I changed my mind, however, while doing the design work. I learned how 
to use different functionalities of the application and using it felt easy, at 
least as far as the features that I used are concerned, which I used while 
doing this design task. […] 
Participants H and D were exceptions from this change in mind regarding the 
application. Participant H felt that StitchSketch was easy to use and learn from 
the very beginning and she expressed that she liked the application in both ques-
tionnaires. Participant D, on the other hand, felt that StitchSketch was too com-
plex and difficult to use for her and that she didn’t learn how to use it well enough 
at all to feel like she could benefit from using it in her design work. 
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Difficulties on remembering how to use the application were also expressed in 
the answers to both questionnaires. These difficulties, however, were described 
as temporary. When the participants had learned how to use the application to 
some extent, memorability wasn’t an issue anymore. For example participant A 
wrote: 
Q2, A: It was difficult at first to “get in” to the application and I felt like I 
didn’t remember how to use it at all, if some time had passed since the 
previous use. This changed, however, when I had used the application for 
longer periods of time and gotten my own design tasks done with it. 
All participants agreed that StitchSketch is a highly versatile application. It re-
ceived praises for its features from all participants. Especially cut, past and repeat 
features, as well as undo functionalities received plenty of positive remarks. Fur-
thermore, large selection of colors was also commended. In terms of usability, 
this versatility and large amount of features affected learnability of StitchSketch 
and lengthened the learning process. This raises a question if it would benefit the 
application if strive would be to improve its learnability. As Nielsen (1993, pp. 41-
43) points out, overall usability of an application is balancing between all the as-
pect of usability and that improving one aspect may not improve overall usability 
as it may have a negative effect to the other aspects. Therefore, with Stitch-
Sketch, improving learnability could impair its functionality. 
Because of the reasons above, user experiences of StitchSketch were also man-
ifold and mostly shifted from negative to positive from questionnaire 1 to ques-
tionnaire 2. The overall user experience for all but one participant, participant D, 
turned out as a positive experience. Aggravation and frustration in the beginning 
turned to enjoy, satisfaction and joy of success at the end. 
Q2, F: Negative [emotions] at first, later nothing but positive. 
Q2, B: In the beginning the application felt difficult, but when I got to know 
it I started to like it a lot. 
Although participant D’s user experience didn’t entirely shift from negative to pos-
itive, also she felt that her emotions towards the application and using it improved 
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during the testing period. She remained doubtful though towards the application 
and her own skills: 
Q2, D: At first I got angry because I couldn’t figure it out. […] When I got 
my own course task designed, I didn’t feel that aggravated at all, I had 
tamed the application. Still I had doubts in the back of my mind if I really 
can use it? 
SUS scores given to StitchSketch also partially reflected the change in user ex-
periences (see tables 12 and 13). For participants F, G and D the scoring didn’t 
change much between the questionnaires 1 and 2. Participants H, A and B, on 
the other hand raised their scores significantly. The most extreme change in scor-
ing was participant A’s scores that changed from 27.5 that corresponds almost 
with adjective description of worst imaginable to 65 that interpose between ad-
jectives ok and good. In the questionnaire 2 SUS, all but participant D scored 
StitchSketch between ok and excellent. (see Bangor;Kortum;& Miller, 2009.) 
Table 12: SUS scores for StitchSketch from questionnaire 1 
Participant F G H A B D 
I think that I would like to use this system fre-
quently 
5 3 4 2 4 1 
I found the system unnecessarily complex. 2 2 2 4 4 5 
I thought the system was easy to use. 5 4 4 2 2 2 
I think that I would need the support of a tech-
nical person to be able to use this system. 
3 4 1 2 1 4 
I found the various functions in this system 
were well integrated. 
4 4 2 3 4 3 
I thought there was too much inconsistency in 
this system. 
3 3 4 4 2 3 
I would imagine that most people would learn to 
use this system very quickly. 
5 4 5 2 5 2 
I found the system very cumbersome to use. 2 2 2 4 2 5 
I felt very confident using the system. 5 2 3 1 4 1 
I needed to learn a lot of things before I could 
get going with this system. 
4 3 5 5 2 4 
SUS score 75 57,5 65 27,5 70 22,5 
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Table 13: SUS scores for StitchSketch from questionnaire 2 
Participant F G H A B D 
I think that I would like to use this system fre-
quently 
4 3 4 2 5 2 
I found the system unnecessarily complex. 2 2 1 2 2 4 
I thought the system was easy to use. 4 4 5 4 4 2 
I think that I would need the support of a tech-
nical person to be able to use this system. 
3 3 1 2 1 5 
I found the various functions in this system 
were well integrated. 
4 4 4 4 5 2 
I thought there was too much inconsistency in 
this system. 
2 3 2 2 2 3 
I would imagine that most people would learn to 
use this system very quickly. 
5 4 4 4 5 2 
I found the system very cumbersome to use. 2 3 2 2 2 5 
I felt very confident using the system. 5 3 4 2 4 2 
I needed to learn a lot of things before I could 
get going with this system. 
4 3 2 4 2 5 
SUS score 72,5 60 82,5 65 85 20 
 
Despite the very low SUS score given by participant D, also she gave Stitch-
Sketch a school degree of 7+ at the end that corresponds to adjective satisfac-
tory. Also participant G graded the application as satisfactory. Other participants 
gave it a commendable grade, 9. Participants’ A and B grades are noteworthy 
because those changed to 9 from reasonable and satisfactory grades, 6 and 7. 
(see table 14.) 
Table 14: School grades given to StitchSketch 
 Embroidery group Knitting group 
Participant F G H A B D 
Questionnaire 1 9+ 8 8½ 6 7 6+ 
Questionnaire 2 9 7 9 9 9 7+ 
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Overall it can be concluded that, in terms of traditional usability, StitchSketch can 
be evaluated to be an excellent application for some users, but too complex for 
others. No actual errors in it were reported and based on the answers to ques-
tionnaires and video data analysis, it also appeared to be efficient to use for those 
who learned to use it well enough during the test period. Due to its versatility and 
flexibility that likely influence its usability in a negative manner, it’s possible that 
StitchSketch could receive even higher usability evaluations after longer periods 
of usage and could also turn out to be excellent application for those users that 
in this type of short period of use feel it to be too difficult to use. (see Nielsen, 
1993, pp. 24-26; ISO, 1998; ISO/IEC, 2011.) 
Overall usability of StitchSketch can be evaluated along the same lines than the 
traditional usability of it: Very good for some, but not suitable for all. It must be 
noted though that all participants, including participant D, would have 
recommended it to other craft science students to use in their studies. 
Participants felt that StitchSketch, because of its versatility, offers advanced 
enough opportunities for craft-design and that it suits for studies in higher 
education. 
7.1.5 Weaving Sim for weaving 
For Weaving Sim, three videos, total length of 53.09 minutes, was submitted by 
participant C. Participant E was unable to record her design session with Weaving 
Sim. During the video analysis, no actual usability problems were detected, but 
overall the design work appeared to be slow, which may point to inefficiency. 
Both participants, C and E, answered both questionnaires. They were unanimous 
that Weaving Sim was very easy to learn and remember how to use, although 
there were no user manual available for it. The good learnability is most likely due 
to simplicity of the application. Simplicity divided opinions between the partici-
pants. Participant C liked it, but participant E, on the other hand, felt that the ap-
plication was too simple and lacked key functionalities. 
Several issues with functionality was reported in the answers. Weaving Sim 
lacked features like possibility to draw a design directly to the pattern area and 
view the reverse side of the fabric. In addition, the color palette of the application 
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was narrow and it didn’t have good zooming functionalities. Participant E also 
thought that the application was clumsy and cumbersome to use and illogical in 
its structure. These missing features and insufficient functionalities were the key 
issues why participant E felt that the application was too simple. She also ex-
pressed feelings of annoyance and frustration because of the missing functional-
ities. Both participants expressed that the application wasn’t very versatile and 
that it was only suitable for simple design tasks. 
Q1, E: On the other hand easiness is a plus but still the application is 
somehow barren and clumsy. Especially when one has used Weavepoint 
and iWeaveIt before, this application feels somehow dated. 
Joy raised by fast learning soon turned to aggravation when I started to 
feel that the application has just a very limited selection of features. […] 
In terms of efficiency, the observation made from the video data was further sup-
ported by the participants’ answers. The application didn’t have a buttoned menu 
that annoyed especially Participant E and she felt that it was slow and clumsy to 
use all, even the most basic, features through the drop-down menu. On the other 
hand, some features, such as ability to draw treadling and threading by dragging 
increased Weaving Sim’s efficiency. Overall, efficiency of the application can be 
rated as moderate. 
Although Participant E expressed that she was somewhat disappointed with the 
application, both participants gave Weaving Sim good SUS scores (see table 15). 
In the first questionnaire, participant C even gave it excellent, almost best imagi-
nable, score in the adjective scale associated with SUS and both participants 
scored the application as good in the second questionnaire (see 
Bangor;Kortum;& Miller, 2009). On the other hand, the differences in views to-
wards the application were evident in the school grades given to Weaving Sim. 
Participant C gave the application grades 9 and 8, whereas participant E gave it 
only a decent grading of 6 in both questionnaires. 
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Table 15: SUS scores for Weaving Sim 
 
First impres-
sions (q1) 
Usability 
(q2) 
Participant C E C E 
I think that I would like to use this system frequently 5 2 4 2 
I found the system unnecessarily complex. 1 1 1 1 
I thought the system was easy to use. 5 5 5 5 
I think that I would need the support of a technical per-
son to be able to use this system. 
1 1 1 1 
I found the various functions in this system were well in-
tegrated. 
4 2 1 2 
I thought there was too much inconsistency in this sys-
tem. 
2 3 1 3 
I would imagine that most people would learn to use this 
system very quickly. 
5 5 5 5 
I found the system very cumbersome to use. 1 1 1 1 
I felt very confident using the system. 5 4 1 1 
I needed to learn a lot of things before I could get going 
with this system. 
1 1 1 1 
SUS score 95 82.5 77.5 75 
 
Traditional usability, defined in this research by Nielsen’s (1993, pp. 24-26) model 
of usability and usability standards ISO 9241-11 (ISO, 1998) and ISO/IEC 25010 
(ISO/IEC, 2011), of Weaving Sim can be rated either as good or moderate, de-
pending on the purpose of use. It suits well for basic weaving design, but can’t be 
used efficiently for more advanced designs. It has high learnability, but it lacks in 
functionality and flexibility to extent that annoys some users. In terms of overall 
usability, the evaluation is also dependent on the user and purpose of use. Weav-
ing Sim is a simple, even too simple, application that needs further development 
to be usable as a general weaving design application. 
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7.2 Effects of application usage to craft design processes 
Based on the participants’ writings, their design processes began from a first 
vague mental image of the product they were to design that corresponds to 
Anttila’s (1993, p. 111) theoretical model of the craft-design process. All partici-
pants mentioned having this first vague idea or image of the product. 
E: When I started to design the pattern I already had an idea what the 
product will be and little bit of an image in my mind of how I want it to look 
like. 
To the very beginning of the design process, applications didn’t seem to have any 
effect. The effects started to emerge when participants moved to the next stage 
of the design process and started outlining their solution and conceive and set 
design constraints (see Anttila, 1993, p. 111; Lawson, 1997, pp. 83-112). In the 
next subchapters first effects to design constraints will be described and then 
effects to the actual design activities and nature of the design process. 
7.2.1 Effects to design constraints 
In the beginning of the design task the participants were asked to define a product 
they were about to design and to describe a space that the product was intended 
for and also to describe a real or imaginary customer or a target group that they 
designed the product for (see table 3). Based on the choices the participants 
made for the product, it seems likely that the experimenting that they had done 
with the applications influenced the product choices. Most of the products chosen 
featured a flat and relatively small rectangular surface to which the design with 
the applications was intended for.  
An interesting detail about the products is that most of those are quite common 
decorational items, such as pillows, that are relatively simple in structure and 
easy to make. All, but one, participants chose a product that they could or in-
tended to make, although they were specifically told in advance that they didn’t 
have to make the product nor even know how to make it. This may relate to the 
importance of material consciousness and use of tacit knowledge in craft-design, 
emphasized by Philpott (2010, pp. 3-5), among others, that the participants 
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strived to incorporate to their digital design process by choosing such simple 
products. It also seems that the participants had made an assumption, based on 
the experimentation phase, that the applications suit best for designing surfaces 
that are rectangular in shape. 
Geometric shapes are natural for weaving and knitting because with these tech-
niques the surface is formed similarly to pixel art, by individual stitches or threads 
running either under or in top of each other. In embroidery, in contrast to knitting 
and weaving, the technique doesn’t necessarily pose any constraints to the struc-
ture of the surface and embroidered surfaces are often anything but geometric. 
In this research, however, even the participants in embroidery group ended up 
designing very geometric and even symmetrical shapes that follow the grid logic 
of pixel art (see figures 9-12). This supports Masterton’s (2007, pp. 8-22.) findings  
that digital design tools tempt designers, especially those with low technical skills, 
to limit their creativity to geometric shapes that can be easily created to the design 
area that is formed as a grid and thereby leads designers to similar digital aes-
thetics. 
 
Figure 9: Participant H's final design with 
StitchSketch 
 
 
Figure 10: Participant G's final design 
with StitchSketch 
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Figure 11: Participant F's final design 
with Stitch-Sketch 
 
 
 
Figure 12: Participant C's final design with 
Cstitch 
In addition to final designs, only participant G experimented with free-hand draw-
ing and shapes that weren’t strictly geometrical, during the design process (see 
figures 13 and 14). This implies that participants may have interpreted that the 
applications only or mostly suit for designing geometrical shapes and therefore 
the usage of the application had induced a strong design constraint that outlined 
the entire design processes (see Lawson, 1997, p. 104). On the other hand, it’s 
possible that participants were merely inspired by the geometrical structures of 
the applications’ design areas and therefore ended up with such designs. 
 
Figure 13: A non-geometrical design with 
StitchSketch by participant G 
 
 
Figure 14: A non-geometrical design with 
StitchSketch by participant G 
 
Interestingly, participant G was the only participant that reported that her whole 
design process was guided by the applications and possibilities that she discov-
ered the applications have.  
G: My design process advanced outlined by conditions set by getting to 
know and practicing with iPad’s functionalities. The process could have 
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been alternatively led by goals set for the product design. My design ac-
tivities advanced through searching and mapping the applications’ func-
tional possibilities. For example: After I had noticed that, through menu 
buttons, it’s possible to alter size of the grid and change colors for wider 
areas of the design by one single touch, I experimented with the function-
alities I had found and made changes to my design with those. 
 
Other participants described factors, such as material and craft technique related 
issues, as their design constraints. The data suggests that material and technique 
consciousness that, according to Philpott (2010, pp. 3-5), is important especially 
for craft-designers in the form of tacit knowledge, may be one of the key factors 
that limits a designer from seeing alternative ways of using an application. If the 
designer concentrates on “How do I make this artefact?” it may lead the designer 
to aim the design for such techniques that seem to best suit the the logics of the 
application, such as the geometric grid format. 
Applications’ functionalities also constrained the design. Participant G couldn’t 
make such design that she would have liked to because the application didn’t 
offer a possibility to mix colors. Furthermore, Participant D wrote that she ended 
up changing her design because the application couldn’t produce such pattern 
that she desired: 
D: My first idea was to make a star pattern. But no matter how hard I tried, 
I couldn’t produce a nice looking star pattern with the application. I tested 
several times but something wasn’t right (I’m very precise, if the design 
doesn’t look just right, it’s better to change it). […] Next I an idea crossed 
my mind about heart shaped pater and I started to like it. With the applica-
tion I was able to design a nicely shaped hearts that I was satisfied with. 
During the usability analysis of the applications, it became evident that usability 
of an application is a significant design constraint in itself. The video data showed 
that with applications that had good usability, participants designed more ad-
vanced patterns from scratch and experimented with applications’ functionalities 
more. They also expressed in their writings that they enjoyed designing with these 
application. In contrast, with the applications that weren’t so usable, participants 
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tried to design as quickly as possible and often based their design on the 
sketches made with one of the more usable applications. Furthermore, partici-
pants told in their writings that they either couldn’t do what they wanted with the 
application or were so unmotivated that they just tried to get the design work 
completed as fast as possible. 
Q2, Cstitch, H: The application made me constantly feel frustrated and 
aggravated. I felt clumsy and almost ran out of faith every now and then. 
Using the application started to go well only at the end of the design task, 
if even then, and it didn’t leave me feeling like I would like to design some-
thing else right away with this application. I didn’t get any feelings of suc-
cess. I somehow rushed with using the application because I was afraid 
that I would mess up and even entirely erase a design by accident. I didn’t 
feel like slowing down, experimenting and playing with the design. 
Finally, one limiting constraint that has to be taken into consideration is technical 
expertise of the participant. In this research all participants were inexperienced 
with craft-design applications and some also with tablet devices. They were in 
early stages of learning how to use such applications and devices and they surely 
weren’t able to modify the applications to better support to their design process 
that according to many studies is a prerequisite to retain the creative nature and 
uniqueness of craft (e.g. Verbruggen, 2014; Taylor & Townsend, 2014; 
Masterton, 2007).  
7.2.2 Effects to design activities and to the nature of design processes 
The video analysis and participants’ writing showed clearly that usability of an 
application has a significant effect to the nature of the craft design process. With 
the applications that were evaluated to have good or excellent usability, partici-
pants felt more inspired, produced substantially higher numbers of sketches and 
experimented and further developed their ideas more than with the applications 
that were not so usable. The craft design process with these, more usable appli-
cations became more iterative and cycling in nature and resembled Anttila’s 
(1993, p. 111) theoretical model of the craft-design process. With the not so us-
able applications the design process shrunk to a linear process with no further 
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development of ideas and only one or very few sketches, often based on a design 
made with another application. Participant E encapsulated the effect of applica-
tions’ usability to her design process by writing: 
E: Especially with the first application, iWeaveIt, I experimented with dif-
ferent things, with the other application [Weaving Sim] experimenting 
wasn’t that simple so I didn’t do it [experimenting] much.  
Functionality seems to be the factor of usability that has the greatest effect on 
design activities and the nature of the design process. Participant C’s design pro-
cesses are a good example of potential effect of shortcomings in applications’ 
functionality to the design process. With iWeaveIt that, based on the findings of 
this research, is a highly usable application and has good functionality, she made 
7 individual sketches of her design, where further development of ideas is evident 
(figures 15 to 21). In addition, numerous occasions of experimenting with different 
application features and design possibilities were observed from the videos. In 
contrast to the design process with iWeaveIt that was a truly iterative and multi-
dimensional process in nature, her design process with Weaving Sim was very 
straight forward. With Weaving Sim she only made two sketches that were based 
on the design made with iWeaveIt and contained only slight modifications to the 
initial design (figures 22 and 23). Although participant C liked Weaving Sim and 
it’s usability in terms of most of the other factors of usability, the shortcomings in 
functionality seemed to affect her design process significantly. 
 
 
 
Figure 15: C’s iWeaveIt sketch 1  Figure 16: C’s iWeaveIt sketch 2 
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Figure 17: C’s iWeaveIt sketch 3 
 
 
Figure 18: C’s iWeaveIt sketch 4 
 
Figure 19: C’s iWeaveIt sketch 5 
 
 
Figure 20: C’s iWeaveIt sketch 6 
 
Figure 21: C’s iWeaveIt sketch 7 
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Partially the difference between more usable and less usable applications can be 
explained with the possible cause of a previous design and that participants 
merely made slight changes to those. This doesn’t explain it entirely, however, 
because the difference was evident with all users. The design process was more 
iterative in nature with the application that participant evaluated as more usable. 
Although the sketches produced by the participants in this research weren’t am-
biguous in most cases, participants were able to make reinterpretations and fur-
ther develop their ideas. This contradicts with Goel’s (1995, pp. 211-214) and 
Stones’s and Cassidy’s (2010) findings in previous studies. In Goel’s (1995, pp. 
211-214) findings participants were unable to make reinterpretations and further 
develop their ideas while using digital design tools. Contradiction with Goel’s 
(1995, pp. 211-214) findings most likely is due to the changes that have occurred 
in digital design tools. As the results show, functionality and usability of an appli-
cation seems to have a significant effect on the design process and development 
in these areas in the past 20 years has been rapid.  
Stones’s and Cassidy’s (2010) findings showed that participants in their study 
were able to make some reinterpretations from their sketches, but those didn’t 
lead to further development of ideas. The difference between this research and 
Stones’s and Cassidy’s (2010) research is that the participants were free from 
any time and place limitations. In Stones’s and Cassidy’s (2010) research the 
participants had only 25 minutes for one design task. If a participant doesn’t have 
 
Figure 22: C’s Weaving Sim sketch 1 
 
 
Figure 23: C’s Weaving Sim sketch 2 
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high level of technical expertise and the design environment doesn’t correspond 
to their natural working environment, it’s possible that the results vary significantly 
from results produced in natural design environment setting where participants 
can take breaks to think and relax and use as much time as they like to do their 
design work. In addition, Stone’s and Cassidy’s (2010) research handled graphic 
design and digital drawing. For craft-design digital design tools are likely more 
suitable as the technique itself, like weaving or knitting, follows the same geomet-
rical logic than the digital design tools. Furthermore, the sketches made with dig-
ital design tools for craft-design may be easier to picture, especially large sur-
faces, and hence those actually may promote reinterpretation and further devel-
opment of ideas. 
Furthermore, new possibilities, compared to traditional sketching with a pen and 
paper, offered by the applications were also mentioned in participants’ writings in 
multiple occasions. The functionalities, such as easy color changes, cut, copy 
and erase, and possibilities to zoom the design in and out, were emphasized by 
the participants as beneficial to the design work that supports Jun-Chieh’s, 
Cheng-Chi’s and Hsin-Chia’s (2012, p. 46) findings in their study of differences 
between designer’s design thinking modes in digital and traditional sketches. 
 
B: Before I’ve always designed my knits by drawing by hand so using 
virtual applications was new to me. While working with the course task, 
however, I noticed that with the help of the applications it was possible to 
make versatile surfaces and patterns and also implementing new ideas 
was quick and easy. With the help of the applications also further devel-
opment of existing ideas worked out fluently. 
E: Experimenting with treadling and colors would surely work out [in com-
prehensive school] and it would be a good and easy alternative to pen and 
paper. Furthermore, applications give a better idea of the final design as 
it’s possible to repeat the pattern blocks and view how it would look like as 
a wide surface. 
In this research, no direct copying of inspiration sources was detected that has 
occurred in previous studies (see e.g. Laamanen & Seitamaa-Hakkarainen, 
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2009, p. 112; Appiah & Cronjé, 2012, pp. 57-59). Inspiration sources that the 
participants described varied. Some participants got their inspiration from the en-
vironment to where they were designing the product. Some sought inspiration by 
discussing with others or by browsing through the internet or books. Some wrote 
that they were inspired by the applications and experimenting with those. Based 
on the written data, usage of the applications introduced a new potential source 
of inspiration but didn’t promote direct copying of ideas. It must be noted though 
that no observable behavioral data of usage of inspiration sources was collected 
in this research. 
F: I got the initial idea from determining the customer and getting to know 
the StitchSketch application. I pondered possibilities of the application in 
relations to the design task. Idea crystalized based on experimentation 
[with the application]. 
Although participants were required to design one version of their product’s sur-
face with each of the applications that they were given to test, they weren’t for-
bidden from using other methods of designing in addition to digital design. This 
freedom was used by multiple participants, likely to overcome the lack of bodily 
experience and possibility of designing with real materials in purely digital design 
that, according to Philpott (2010, pp. 3-5) distances the designer from the artefact 
and eliminates possibility to use tacit knowledge. Participant A and D experi-
mented with real materials by making samples of their sketches (figures 24-27).  
 
Figure 24: Sketch by participant D 
 
 
Figure 25: Material experiment done by 
participant D 
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Figure 26: Sketch by participant A 
 
 
Figure 27: Material experiment done by 
participant A 
 
Several participants also wrote about materials they were planning to use and 
how they took characteristics of the materials into consideration in their design. 
Furthermore, remarks about haptic experiences, such as feel of the surface as 
an inspiration source were made in participants’ writings. This indicates that alt-
hough the digital design tools didn’t directly enable designing with real materials 
or bodily touch, participants were able to use their tacit knowledge and incorpo-
rate additional design techniques with digital design. 
A: The idea to my final version, circles made with purl stitches, aka a ver-
sion that is more based on texture, came from a napkin that had triangles 
formed from lines that were elevated from the surface. Feel of that surface 
was interested me and I pondered with that idea for few days and the idea 
refined to circles. 
D: First I decided the size, the blanket would be approximately 1 meter x 
1 meter (that was in my experience a good size for a baby blanket). Quality 
of the yarn was selected next, it really called for merino wool. It’s warm, 
fluffy and super wash treatment makes it machine washable. I chose a 
relatively thick thread so that it would be warm and faster to knit. 
In summary, it seems that by using high quality applications, creatively, alone or 
as part of the craft-design process, it’s possible to avoid most of the problems 
related to designing with digital tools found in previous studies. However, to ena-
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ble a truly creative design process, technical expertise is required from the de-
signer. Several participants shared Harris’s (2012, p. 92) worry that lack of tech-
nical expertise will be slowing down the development towards broader use of dig-
ital design tools among craft-designers and makers. Participants emphasized the 
importance of bringing ICT more as a part of craft science studies to overcome 
this problem and to give the future craft teachers the expertise they need to pass 
it on to their students as a natural resource for craft-design. 
 
7.3 Evaluation of the multi-method used in the research 
The remote multi-method developed for this research fulfilled the main goals set 
for it. It gave the participants a possibility to work in their natural environment 
without time or place limitations and still produced rich attitudinal and behavioral 
data. It also proved to be highly efficient in terms of resources, such as time and 
effort, required from the researcher and the participants for data collection.  
The design task proved suitable for the research. Participants understood the 
task well and were able to execute it independently. However, to enable two truly 
separate and complete craft-design processes, one for each application that a 
participant tested, it could have been beneficial to require participants to design 
two totally separate products. This, on the other hand, would have increased par-
ticipants’ workload over the three credit extent of the Virtual Design Studio 
course. In that case it would have been mandatory to cut down the extent of the 
questionnaires and writing tasks, which would have been more harmful for the 
research in terms of richness of research data than similarities observed between 
the design processes. 
The two questionnaires, about first impressions and usability of the applications, 
were the primary data used in the usability analysis of the applications. Video 
data was handled mostly as supportive data in this part of the study. The ques-
tionnaires provided rich attitudinal data that enabled in-depth analysis of every 
application. Although the second questionnaire provided most of the usability in-
formation, the first impressions questionnaire proved important, because it gave 
insight into participants’ learning curves of the application usage and how their 
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evaluations changed while participants’ gained more experience of the applica-
tions and learned how to use those.  
Some of the open-ended questions could have been merged together, based on 
the answers that often were either very similar to each other or included refer-
ences to the previous question. In questionnaire one, question two regarding ap-
plication’s user manual and other instructions and question three regarding 
learnability of an application were such mergeable questions. In the second ques-
tionnaire, question three about usefulness of the application and question 12, if 
the applications could be recommended for other craft science students, received 
such similar answers that those could have been merged into one question. Also 
questions nine and ten, about application’s features and if the application lacked 
some features, could have been merged together. 
Although the amount of participants testing a single application wasn’t enough to 
enable quantitative analysis, incorporating SUS to the questionnaires proved 
beneficial to the research. It further validated the interpretation made from the 
answers to the open-ended questions and alongside with the answers gave the 
basis for adjective evaluation of applications’ usability. SUS scores were mostly 
consistent with the participants’ views, presented in the answers to the open-
ended questions and this suggests that SUS suits well for evaluating usability of 
craft-design applications and could be used, even without any additional qualita-
tive data, for quickly evaluating such applications. 
Recording of screen events provided rich behavioral data, especially for analyz-
ing nature of individual craft-design processes. Although, in contrast to the think-
aloud method, screen recordings alone didn’t include any explanatory speech 
from a participant, it was possible to find usability issues and analyze the design 
processes based on the screen events alone. Alongside with the attitudinal data 
from the questionnaires and writing tasks, the observations made from the videos 
could be further validated and interpreted without a need for think-aloud type of 
speech recording. The screen recording method can also be evaluated as suc-
cessful in a sense that it didn’t disturb the participants during the application us-
age. This evaluation is based on the fact that no remarks of any disturbance were 
made in participants’ writings, nor in the face-to-face meetings during the course.  
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Some participants failed to record screen events, especially with desktop devices 
and one participant also provided corrupted recordings. This suggests that a 
more simple recording software should be used with desktop devices or more 
detailed instructions and help-desk type of support should be provided to the par-
ticipants. Some participants also reported that they sometimes forgot to turn on 
the recording and therefore their video data wasn’t complete. File corruption and 
memory lapses can’t be totally avoided without recording procedure controlled by 
the researcher or keeping the recording always on. Doing so, however, would 
cause privacy issues, storage space problems and also, at least partially, elimi-
nate the possibility for the participants to work without time and place limitations. 
To reduce the potential negative effects of recording difficulties, corrupted data 
and memory lapses, more participants testing one application would be benefi-
cial. Due to the multidimensional design of the multi-method used in this research, 
the problems caused by the recording issues were marginal and were compen-
sated by the other data formats. 
The two writing tasks given to the participants provided valuable insight into par-
ticipants’ design processes, user experiences and feelings in general regarding 
the applications usage and ICT in general as part of craft-design. The first writing 
task was highly important for this research, as it provided information about the 
individual design processes and effects of application usage to those that couldn’t 
be observed from the video data. It also further validated the results for usability 
evaluations. To further improve the quality of the written design process descrip-
tions, a vague text length recommendation could have been beneficial. Also the 
task description could be improved by adding direct instructions to write, not only 
about the design process, but also about the effects of application usage to it that 
participants might have noticed. Although most of the data gathered from the last, 
reflective, writing task wasn’t directly relevant for this study, including such task 
as a part of the course was important for participants’ learning processes as a 
summarizing element for the whole course.  
Overall the multi-method designed for this research proved effective for both, 
studying usability of applications and nature of the individual craft-design pro-
cesses. It can be used, as is, for studying both areas of interest, either separately 
 103 
or together, similarly to this research. Some improvements for the multi-method 
are advisable, but not mandatory to gain rich and multidimensional data.  
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8 Discussion and Conclusions 
8.1 Main findings and relations to previous research 
This research had three main objectives: to analyse usability of the applications 
and hence find the best suited applications for craft-science students to use in 
their studies; to analyze and describe how using the applications affect students’ 
craft-design processes; and to develop, and evaluate the performance of, the 
remote evaluation method designed to study the two previous aspects. 
Based on the overall usability, the applications that are most advisable for craft-
design studies, from the five applications evaluated in this research, are iWeaveIt 
and StitchSketch. Both of these applications offer excellent functionality for mo-
bile applications (see Nielsen, 1993, pp. 24-26; Jordan, 2000, pp. 4-6; McNamara 
& Kirakowski, 2006, pp. 26-27). These applications are highly usable in terms of 
traditional usability, defined by Nielsen’s (1993, pp. 24-26) model of usability and 
usability standards ISO 9241-11 (ISO, 1998) and ISO/IEC 25010 (ISO/IEC, 
2011). In addition, overall user experiences of iWeaveIt and StitchSketch were 
mainly positive (see ISO, 2010). Furthermore, based on the research data, these 
applications support an iterative and spiral like design process that enable rein-
terpretations and further development of ideas. For simple design tasks and us-
ers seeking for an application that is easy to learn, Knitting iCharts and Weaving 
Sim may also be applicable. These applications, however, lack in functionality to 
such extent that those are not suitable for general design applications nor for 
advanced design tasks. 
Analysis of application usage to craft-design processes revealed three factors 
that promote changes:  
 usability of applications 
 new possibilities and limitations compared to traditional design methods  
 technical expertise of a designer 
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All these factors were present in both, effects to design constraints and effect to 
the design activities and nature of the design process. Defining these three fac-
tors and especially revealing the importance of usability of applications to the 
craft-design processes are the most important findings of this research.  
Usability and especially functionality of an application was the most significant 
factor behind the changes observed in the craft-design process. Overall usability 
of an application, based on the findings of this research, is a significant design 
constraint in itself. With applications that had good usability, participants de-
signed more advanced patterns from scratch and experimented with applications’ 
functionalities more. In contrast, with applications that weren’t so usable, partici-
pants tried to design as quickly as possible and often based their designs on 
sketches they had made with one of the more usable applications.  
Overall usability of an application seems to also have a significant effect to the 
nature of the craft-design process. With the applications that were evaluated to 
have good or excellent usability, participants felt more inspired, produced sub-
stantially higher numbers of sketches and experimented and further developed 
their ideas more than with the applications that were not so usable. The craft 
design process with these, more usable applications became more iterative and 
cycling in nature and resembled Anttila’s (1993, p. 111) theoretical model of the 
craft-design process. With the not so usable applications, the design process 
shrunk to a linear process with no further development of ideas and only one or 
very few sketches 
Based on the results, functionality seems to be the factor of usability that has the 
greatest effect on design constraints, design activities and nature of the design 
process. Functionality of an applications and interpretations made of the 
functionality and logics of an application posed strong technical design 
constraints that, based on the research data, outlined entire design processes 
(see Lawson, 1997, p. 104). Especially the grid based, geometrical logics of 
applications’ design areas, seemed to guide the designs strongly towards similar 
logics. This result supports Masterton’s (2007, pp. 8-22.) findings  that digital 
design tools tempt designers, especially those with low technical skills, to limit 
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their creativity to geometric shapes and thereby lead designers towards similar 
digital aesthetics.  
Good and versatile functionality seems to enable a truly iterative and spiral like 
design process, where reinterpretations and further development of ideas occur. 
Whereas the applications lacking in functionality cause linear design processes, 
without further development of design ideas. Reinterpretations and further devel-
opment of ideas that was observed in this research, while the participants were 
using the applications that were evaluated as good or excellent in terms of usa-
bility, contradicts with Goel’s (1995) and Stones’s and Cassidy’s (2010) findings 
in previous studies regarding effects of digital design tool usage to a design pro-
cess. In Goel’s (1995, pp. 211-214) findings participants were unable to make 
reinterpretations and further develop their ideas while using digital design tools.  
Stones’s and Cassidy’s (2010) findings showed, in partial contradiction to Goel’s 
(1995, pp. 211-214) findings, that participants in their study were able to make 
some reinterpretations from their sketches, but those didn’t lead to further devel-
opment of ideas. Neither of these previous studies analyzed usability of the digital 
design tools used and based on the findings of this study it seems possible that 
the digital design tools used in those studies may have lacked in usability and 
therefore reinterpretations and further development of ideas didn’t occur. Regard-
ing Goel’s (1995) research, this is a very likely explanation as the development 
of digital design tools, also in terms of usability, in the past 20 years has been 
rapid.  
Contradiction with Stones’s and Cassidy’s (2010) findings, if not related to usa-
bility, may be the place and time limitations placed to participants. In Stones’s 
and Cassidy’s (2010) research the participants had only 25 minutes for one de-
sign task. If a person doesn’t have high level of technical expertise and the design 
environment doesn’t correspond to their natural working environment, it’s possi-
ble that the results vary significantly from the results produced in a natural design 
environment setting. In addition, Goel’s (1995) and Stone’s and Cassidy’s (2010) 
researches handled designs based on digital drawing. For craft-design digital de-
sign tools are likely more suitable because many textile craft techniques, like 
weaving or knitting, follow the same geometrical logics than the digital design 
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tools. Furthermore, the sketches made with digital design tools for craft-design 
may be easier to picture, especially large surfaces, and therefore digital design 
tools actually promote reinterpretation and further development of ideas in craft-
design. 
New possibilities offered by the applications, compared to traditional sketching 
with a pen and paper, such as easy color changes, cut, copy and erase, and 
possibilities to zoom the design in and out, were emphasized by the participants 
as beneficial to the design work. This supports Jun-Chieh’s, Cheng-Chi’s and 
Hsin-Chia’s (2012, p. 46) findings in their study of differences between designer’s 
design thinking modes in digital and traditional sketching. Furthermore, based on 
the written data, usage of the applications introduces a new potential source of 
inspiration. In this research, no direct copying of inspiration sources was detected 
that has occurred in previous studies (see e.g. Laamanen & Seitamaa-
Hakkarainen, 2009, p. 112; Appiah & Cronjé, 2012, pp. 57-59). It must be noted 
though that no observable behavioral data of inspiration sources was collected in 
this research. 
Lack of bodily experience and possibility of designing with real materials in purely 
digital design that, according to Philpott (2010, pp. 3-5), distances the designer 
from the artefact and eliminates possibility to use of tacit knowledge, was over-
come by participants in this research by using the applications alongside with 
other forms of design, such as material experiments. Several participants also 
wrote about materials they were planning to use and how they took characteris-
tics of the materials into consideration in their design. Furthermore, remarks 
about haptic experiences, such as feel of the surface as an inspiration source, 
were made in the participants’ writings. This indicates that although the digital 
design tools didn’t directly enable designing with real materials or bodily touch, 
participants were able to use their tacit knowledge and incorporate additional de-
sign techniques with digital design. 
In addition to other factors, technical expertise of the participants constrained the 
design processes. In this research all participants were inexperienced with craft-
design applications and some also with tablet devices. They were in early stages 
of learning how to use such applications and devices and they weren’t able to 
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modify the applications to better support their design processes. Participants ex-
pressed in their writings that they felt that the lack of technical expertise limited 
their design processes and creative usage of applications. This supports the find-
ings of previous studies that technical expertise and ability to modify the digital 
design tools used is a prerequisite to retain the creative nature and uniqueness 
of craft (e.g. Verbruggen, 2014; Taylor & Townsend, 2014; Masterton, 2007).  
Several participants shared Harris’s (2012, p. 92) worry that lack of technical ex-
pertise will be slowing down the development towards broader use of digital de-
sign tools among craft-designers and makers. Participants emphasized the im-
portance of bringing ICT more as a part of craft-science studies to overcome this 
problem and to give the future craft teachers the expertise they need to pass it 
on to their students as a natural resource for craft-design. 
From a methodological point of view, the remote multi-method developed for this 
research fulfilled the main goals set for it. It gave the participants a possibility to 
work in their natural environment without time or place limitations and still pro-
duced rich attitudinal and behavioral data. It also proved to be highly efficient in 
terms of resources, such as time and effort, required from the researcher and the 
participants for data collection. The multi-method suits for both, studying usability 
of applications and nature of individual craft-design processes. It can be used, as 
is, for studying both areas of interest, either separately or together, similarly to 
this research. Some improvements for the multi-method are advisable, but not 
mandatory to gain rich and multidimensional data (see 7.3). 
8.2 Critical assessment of the research 
The most significant factor limiting the trustworthiness of the results in this re-
search is low number of participants. However, the multidimensional data that 
includes both, behavioral and attitudinal data, compensates this because it gave 
the possibility to triangulate the results, and hence validate the observations and 
interpretations made during the data analysis. In addition, in most cases data 
between participants was consistent and thereby it further validates the findings. 
(see e.g. Jick, 1979, pp. 602-604; Yin, 2003, pp. 97-101; Gillham, 2000, p. 13 .) 
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The remote and unmoderated data collection inflicts issues with trustworthiness 
of the results because of possible gaps in the video data and inability to observe 
the participants themselves. However, moving the data collection to a more con-
trolled environment would have prevented the participants from working crea-
tively and in their normal working environment that could have prevented the most 
significant findings of this study from surfacing altogether. Even low-level remote 
moderation of the design work, like online monitoring, would have posed time 
limitations to the participants and thereby interfered with the design processes. 
To get deeper insight into the applications’ effects to the design processes and 
how usability evaluations of applications would have changed when users gained 
more experience and expertise on using the applications, a longer data collection 
period and several design tasks with same application would have been optimal. 
In this research participants surely didn’t utilize all the possibilities that the appli-
cations could have offered. In addition, because they were in the early stages of 
learning how to use the applications, they very likely didn’t use the applications 
as creatively as they could have if they would have been fully familiar with the 
applications. Furthermore, for better insight into the whole design processes, 
more precise information of participants’ inspiration sources would have been 
beneficial. 
Finally, the results of this research are based on interpretation made by the re-
searcher. To avoid fallacious results, the analysis was based on the qualitative 
content analysis and the data was analyzed in predetermined order. Qualitative 
content analysis is a systematic and theory-guided analysis method. This sys-
tematic approach, combined with triangulation of results, increases the trustwor-
thiness of the results significantly. The analysis procedure could have been fur-
ther improved, to acchieve even higher level of trustworthiness, by using multiple 
coders, however, this wasn’t an option in this research. To compensate this, min-
imum of two analysis rounds were conducted for all research data and further 
analyses rounds for the parts of the data were coding changed between the two 
analysis rounds.  
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8.3 Conclusions 
In this study further understanding and theory of application usage’s effects to 
the craft-design process was achieved. To confirm these findings and to gain 
even more insight into the phenomenon, further research is essential. All three 
factors that seem to be causing the effects to the craft-design process are inter-
esting aspects for future research. In addition, the factors may not be limited to 
these three factors and new factors may surface in future research and also 
emerge as a result of technological development. The demand for future research 
in this field is ongoing due to the continuously evolving technology. 
The understanding, gained in this research, about effects of application usage to 
the craft-design process is important because ICT is quickly making its way to 
craft, especially teaching of craft in schools. If the effects of application usage 
aren’t known and the digital design tools are being used in teaching of craft, re-
gardless, the danger is that the creative, iterative and cycling nature of the craft-
design process may be lost. Deep understanding of this phenomenon and finding 
suitable applications and other digital design tools for students and teachers to 
use, as well as for craft hobbyists and professional craftsmen, may prevent this 
risk and turn it to new positive effects and opportunities. 
Policy-makers and educators in all levels of education, where craft is being 
taught, should pay attention to the unique nature of craft. Although ICT is an im-
portant area of education these days, it should still be seen as a tool and an 
enabler of new opportunities and not as an end in itself. When claims are made 
that ICT should be used in craft education, the ones making the claims should 
understand what kind of effects usage of ICT potentially poses to craft and its 
unique nature and how craft can benefit from ICT. To enable knowledge, discus-
sion and policy-making that is based on facts and not on beliefs, this research 
and other studies made in this field of interest are highly important.  
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Appendices 
 
Appendix A: List of craft-design applications available on the internet in 
January 2014 
Column contents: 
 
A B C D E F 
Cross Stitch 2 
Go HD 
http://www.ursasoft-
ware.com 
2 1,79 IOS - 
DesignKNIT http://www.corecompu-
ting.com/designknit 
5 4,49 IOS - 
Embroidery Pat-
tern Creator 
http://www.en.d-tt.nl 2 0,00 IOS - 
ePatterns http://www.epat-
terns.com 
1 0,00* IOS 2013 
Knit Counter Pro http://www.technicalma-
deeasy.com 
5 4,49 IOS 2013 
Knit Designer http://www.technicalma-
deeasy.com 
5 2,69 IOS 2012 
KnitCraft http://www.stimulig-
ames.com 
5 0,89 IOS 2013 
Knitting iCharts http://j-s-designs.de 5 2,99 IOS 2014 
A: Name of the application   
B: URL   
C: Technique 1 = Pattern drafting  
3 = Patchwork 
5 = Knitting 
7 = Bobbin lace making 
9 = Fashion design 
 
2 = Embroidery 
4 = Weaving 
6 = Crochet 
8 = Beadwork 
10 = Other 
D: Price in euros Exchange rates in  24.1.2014: 
USD=1,3566 EUR 
GBP=0,81900 EUR 
 
*In-app purchases available 
 
 
E: Operating system WIN=Windows 
MAC=Mac 
LNX=Linux 
IOS=iOS (iPhone/iPad) 
ADR=Android 
 
F Last update published   
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A B C D E F 
myWeave http://www.de-
signscopecom-
pany.com 
4 19,99 IOS - 
Quilt Studio http://www.subtrac-
tiveart.com 
3 0,00 IOS 2014 
Quiltography http://quiltography.co.uk 3 14,99 IOS 2015 
StitchBuddy HD http://www.stitch-
buddy.de 
2 9,99 IOS 2015 
StitchSketch http://www.iktsoft.net 2 7,99 IOS 2014 
The Art of Fabric 
Showtime 
http://www.de-
signscopecom-
pany.com 
10 0,00* IOS 2014 
Wild Things Ac-
cessories 
http://www.wildginger.c
om 
10 0,00 IOS 2013 
iWeaveIt http://www.weaveit.com 4 22,99 IOS/ADR 2015 
Knitting Chart 
Maker 
http://www.mobileawe-
someapps.com 
5 0,00 IOS/ADR 2013 
Planet Embroi-
dery Plus 
http://m.planetembroi-
dery.com 
2 0,00 IOS/ADR 2013 
Raglanify: Knit-
ting Sweater Pat-
tern Generator 
http://www.rag-
lanify.com 
5 0,89 IOS/ADR 2012 
KXStitch http://kxstitch.source-
forge.net 
2 0,00 LNX 2014 
CStitch http://CStitch.source-
forge.net 
2 0,00 WIN 2014 
DB-WEAVE http://www.brunoldsoft-
ware.ch 
4 0,00 WIN 2009 
DesignaKnit 
HandKnit 
http://www.soft-
byte.co.uk 
5 210,00 WIN  
Electric Quilt 7 http://electricquilt.com 3 140,00 WIN  
Embird http://www.embird.net 2 120,90 WIN  
Embroider-
modder 
http://source-
forge.net/projects/em-
broidermodder/ 
2 0,00 - 2014 
EnvisioKnit De-
sign Studio 
http://www.envi-
sioknit.com 
5 73,00 WIN  
Filet Crochet 
Software 
http://www.cro-
chetdesigns.com 
6 29,40 WIN 2011 
KG-Chart for 
Cross Stitch / 
Bead Weaving 
http://www.iktsoft.net 2,8 25,80 WIN 2012 
Knit Visualizer http://www.knitfoundry.c
om 
5 136,40 WIN  
Knitware http://www.great-
knitdesigns.com 
5,6 25,60 WIN - 
Lace8 http://crafts.il-
soft.co.uk/pages/Lace8.
aspx 
7 158,70 WIN  
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A B C D E F 
My Pattern De-
signer 
http://mypatternde-
signer.com 
1 146,70 WIN  
Pattern 
Maker™ for 
cross-stitch 
http://www.hobby-
ware.com 
2 44,20 WIN 2007 
Patternmaker 
Basic 
http://www.pattern-
made4you.com 
1 0,00 WIN 2013 
Patternmaker 
DeLuxe 
http://www.pattern-
made4you.com 
1 100,00 WIN  
PatternMaster 
Boutique 
http://www.wildginger.c
om 
1 165,90 WIN  
PatternMaster 
Tailor Made 
http://www.wildginger.c
om 
1 92,10 WIN  
PCStitch http://www.pCStitch.co
m 
2 36,80 WIN 2013 
SohphieSew http://sophiesew.com 2 0,00 WIN 2013 
StitchCraft Home 
Edition 
http://www.stitch-
craft.com.au 
2 125,00 WIN  
STOIK Stitch 
Creator 
http://www.stoik.com 2 60,80 WIN 2013 
SymblCro http://www.nhswinc.co
m 
6 40,50 WIN 2012 
WeaveIt Pro http://www.weaveit.com 4 162,20 WIN  
WeavePoint http://www.weave-
point.com 
4 395,00 WIN  
TexGen http://texgen.source-
forge.net 
10 0,00 WIN/LNX 2014 
crosti https://sites.google.com
/site/crostiapp/ 
2 0,00 WIN/LNX/
ADR 
2014 
Digital Fashion 
Pro 
http://start-
ingaclothingline.com 
9 146,70 WIN/MAC  
Fiberworks http://www.fiberworks-
pcw.com 
4 147,40 WIN/MAC  
Garment De-
signer 
http://www.cochenille.c
om 
1 183,50 WIN/MAC  
Intwined Pattern 
Studio 
http://intwinedstu-
dio.com 
4,5,6 32,40 WIN/MAC 2011 
KnitBird http://www.knitbird.com 5 29,50 WIN/MAC 2013 
Marvelous De-
signer 
http://marvelousde-
signer.com 
1,9 405,40 WIN/MAC  
pixeLoom https://pixeloom.com 4 132,70 WIN/MAC  
ProWeave http://www.pro-
weave.com 
4 143,70 WIN/MAC  
Quilt-Pro http://www.quiltpro.com 3 73,70 WIN/MAC  
QuiltSOFT http://www.quiltsoft.com 3 36,10 WIN/MAC 1996 
Stitch Painter 
Gold 
http://www.cochenille.c
om 
2,3,4,5
,6 
146,70 WIN/MAC  
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A B C D E F 
Weave Pattern 
Translator 
http://source-
forge.net/pro-
jects/weavetrans/ 
4 0,00 WIN/MAC 2013 
WinStitch 2014 / 
MaCStitch 2014 
http://www.ursasoft-
ware.com 
2 48,00 WIN/MAC 2014 
jbead http://www.jbead.ch 8 0,00 WIN/MAC/
LNX 
- 
Stitch Works 
Software 
http://stitchworkssoft-
ware.com 
6 36,80 WIN/MAC/
LNX 
2013 
Weaving Sim http://source-
forge.net/projects/weav-
ingsim/ 
4 0,00 WIN/MAC/
LNX 
2014 
Weaving Simula-
tor 
http://freeweave.sourcef
orge.net 
4 0,00 WIN/MAC/
LNX 
2006 
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Appendix B: First impressions questionnaire in Finnish 
1. Anna sen testaamasi ohjelman nimi, jota vastauksesi koskevat. 
2. Kuvaile ohjelmasta saamaasi ensivaikutelmaa ja -havaintojasi ohjelmasta ja 
sen käytettävyydestä. 
*** Page break *** 
3. Valitse jokaiseen tämän sivun kysymyksistä mielestäsi sopivin vaihtoehto. 
Valitse se vaihtoehto, joka sinulle tulee ensimmäisenä mieleen. 
 
Vaihtoehdot:  
1. Täysin eri mieltä 
2. Jokseenkin eri mieltä 
3. Ei samaa eikä eri mieltä 
4. Jokseenkin samaa mieltä 
5. Täysin samaa mieltä 
Kysymykset: 
 1 2 3 4 5 
Luulen, että haluaisin käyttää tätä ohjelmaa usein. ○ ○ ○ ○ ○ 
Minusta ohjelma oli turhan monimutkainen. ○ ○ ○ ○ ○ 
Mielestäni ohjelmaa oli helppo käyttää. ○ ○ ○ ○ ○ 
Luulen, että tarvitsisin teknistä tukea ohjelman käytössä. ○ ○ ○ ○ ○ 
Mielestäni ohjelman eri toiminnot oli yhdistetty hyväksi ko-
konaisuudeksi. 
○ ○ ○ ○ ○ 
Mielestäni tässä ohjelmassa oli liikaa epäjohdonmuk-
aisuutta. 
○ ○ ○ ○ ○ 
Uskon, että useimmat käsityötieteen opiskelijat oppisivat 
nopeasti käyttämään tätä ohjelmaa. 
○ ○ ○ ○ ○ 
Minusta ohjelman käyttäminen tuntui vaivalloiselta. ○ ○ ○ ○ ○ 
Tunsin itseni todella varmaksi käyttäessäni ohjelmaa. ○ ○ ○ ○ ○ 
Minun täytyi oppia monia asioita ennen kuin pääsin 
alkuun ohjelman käytössä. 
○ ○ ○ ○ ○ 
*** Page break *** 
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4. Kirjoita ensihavaintojasi ohjelman käyttöohjeista. esim: 
 Millaisia käyttöohjeita löysit ohjelmalle? 
 Ovatko ne mielestäsi riittävät ja tarpeeksi havainnolliset, jotta 
ohjelmaa voi opetella käyttämään itsenäisesti? 
 Millaista opastusta ohjelman käyttöön olisit kaivannut käyttöohjeiden 
lisäksi? 
 
5. Kuinka helposti opit käyttämään ohjelmaa? Mitkä seikat ohjelmassa 
mielestäsi vaikuttivat ohjelman opittavuteen positiivisesti ja negatiivisesti? 
 
6. Millaisia tunteita ohjelmaan tutustuminen sinussa herätti? 
*** Page break *** 
7. Anna ohjelmalle ensivaikutelmasi perusteella kouluarvosana (4-10). 
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Appendix C: First impressions questionnaire in English 
1. Give the name of the application that your answers are about. 
 
2. Describe your first impressions about the application and observations you’ve 
made regarding the application and its usability. 
*** Page break *** 
3. Choose to what extent do you agree or disagree with the statement on this 
page Choose the option that at first comes into your mind. 
 
Options:  
1. Strongly disagree  
2. Disagree  
3. Neither agree or disagree  
4. Agree  
5. Strongly agree 
Statements: 
 1 2 3 4 5 
I think that I would like to use this system frequently ○ ○ ○ ○ ○ 
I found the system unnecessarily complex. ○ ○ ○ ○ ○ 
I thought the system was easy to use. ○ ○ ○ ○ ○ 
I think that I would need the support of a technical person 
to be able to use this system. 
○ ○ ○ ○ ○ 
I found the various functions in this system were well in-
tegrated. 
○ ○ ○ ○ ○ 
I thought there was too much inconsistency in this system. ○ ○ ○ ○ ○ 
I would imagine that most people would learn to use this 
system very quickly. 
○ ○ ○ ○ ○ 
I found the system very cumbersome to use. ○ ○ ○ ○ ○ 
I felt very confident using the system. ○ ○ ○ ○ ○ 
I needed to learn a lot of things before I could get going 
with this system. 
○ ○ ○ ○ ○ 
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*** Page break *** 
4. Write about your first observiations regarding application’s user manual and 
other instructions. For example: 
 What kind of user instructions you found? 
 Where those adequate and illustrative enough that one can learn to use 
the application on one's own? 
 What kind of additional user assistance you would have liked to receive? 
 
5. How easy it was for you to learn how to use the application? What qualities of 
the application affected the learnability, either positively or negatively? 
 
6. What kind of emotions or feelings the usage of the application evoked in you? 
*** Page break *** 
7. Grade the application, based on your first impression, in scale of 4 to 10. 
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Appendix D: Usability questionnaire in Finnish 
1. Anna sen testaamasi ohjelman nimi, jota vastauksesi koskevat.  
2. Onko sinulla aiempaa kokemusta samankaltaisten ohjelmien käytöstä? Jos 
on, niin millaista? 
3. Missä ja millaisessa tilanteessa käytit ohjelmaa? Vastasiko käyttötilanne 
sinun normaalia suunnittelutapaasi -tilannettasi? 
*** Page break *** 
 
4. Valitse jokaiseen tämän sivun kysymyksistä mielestäsi sopivin vaihtoehto. 
Valitse se vaihtoehto, joka sinulle tulee ensimmäisenä mieleen. 
 
Vaihtoehdot:  
1. Täysin eri mieltä 
2. Jokseenkin eri mieltä 
3. Ei samaa eikä eri mieltä 
4. Jokseenkin samaa mieltä 
5. Täysin samaa mieltä 
Kysymykset: 
 1 2 3 4 5 
Luulen, että haluaisin käyttää tätä ohjelmaa usein. ○ ○ ○ ○ ○ 
Minusta ohjelma oli turhan monimutkainen. ○ ○ ○ ○ ○ 
Mielestäni ohjelmaa oli helppo käyttää. ○ ○ ○ ○ ○ 
Luulen, että tarvitsisin teknistä tukea ohjelman käytössä. ○ ○ ○ ○ ○ 
Mielestäni ohjelman eri toiminnot oli yhdistetty hyväksi ko-
konaisuudeksi. 
○ ○ ○ ○ ○ 
Mielestäni tässä ohjelmassa oli liikaa epäjohdonmuk-
aisuutta. 
○ ○ ○ ○ ○ 
Uskon, että useimmat käsityötieteen opiskelijat oppisivat 
nopeasti käyttämään tätä ohjelmaa. 
○ ○ ○ ○ ○ 
Minusta ohjelman käyttäminen tuntui vaivalloiselta. ○ ○ ○ ○ ○ 
Tunsin itseni todella varmaksi käyttäessäni ohjelmaa. ○ ○ ○ ○ ○ 
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Minun täytyi oppia monia asioita ennen kuin pääsin 
alkuun ohjelman käytössä. 
○ ○ ○ ○ ○ 
*** Page break *** 
5. Kuvaile kokemuksiasi ohjelman käytettävyydestä. 
*** Page break *** 
6. Kuinka tyytyväinen olit ohjelmaan ja sen käytettävyyteen? Miksi? 
7. Oliko ohjelma mielestäsi hyödyllinen? Miksi? 
8. Huomasitko ohjelman käytössä ongelmia? Jos huomasit, niin millaisia? 
Kuinka vakavia ongelmat olivat seuraavalla asteikolla? 
1. ei ongelma käytettävyyden näkökulmasta 
2. kosmeettinen ongelma 
3. pieni ongelma 
4. suuri ongelma 
5. katastrofaalinen ongelma 
*** Page break *** 
9. Mistä ohjelman ominaisuuksista pidit, mistä et pitänyt? Miksi? 
10. Mitä ominaisuuksia tai toiminnallisuuksia ohjelmasta mielestäsi puuttui? 
*** Page break *** 
11. Millaisia tunteita ja ajatuksia ohjelman käyttö sinussa herätti? 
12. Voisiko ohjelman käyttöä mielestäsi suositella käsityötieteen opiskelussa 
käytettäväksi? Miksi? Miksi ei? 
*** Page break *** 
13. Anna ohjelmalle kouluarvosana (4-10).  
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Appendix E: Usability questionnaire in English 
1. Give the name of the application that your answers are about. 
2. Do you have any prior experience on using similar applications? If you do 
please describe whatkind of experience you have. 
3. Where and in what kind of circumstances did you use the application? Did 
these conditions correspond to your normal design environment? 
*** Page break *** 
 
4. Choose to what extent do you agree or disagree with the statement on this 
page Choose the option that at first comes into your mind. 
 
Options:  
1. Strongly disagree  
2. Disagree  
3. Neither agree or disagree  
4. Agree  
5. Strongly agree 
Statements: 
 1 2 3 4 5 
I think that I would like to use this system frequently ○ ○ ○ ○ ○ 
I found the system unnecessarily complex. ○ ○ ○ ○ ○ 
I thought the system was easy to use. ○ ○ ○ ○ ○ 
I think that I would need the support of a technical person 
to be able to use this system. 
○ ○ ○ ○ ○ 
I found the various functions in this system were well in-
tegrated. 
○ ○ ○ ○ ○ 
I thought there was too much inconsistency in this system. ○ ○ ○ ○ ○ 
I would imagine that most people would learn to use this 
system very quickly. 
○ ○ ○ ○ ○ 
I found the system very cumbersome to use. ○ ○ ○ ○ ○ 
I felt very confident using the system. ○ ○ ○ ○ ○ 
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I needed to learn a lot of things before I could get going 
with this system. 
○ ○ ○ ○ ○ 
*** Page break *** 
5. Describe your experiences regarding application’s usability. 
*** Page break *** 
6. How satisfied were you with application’s usability? Why? 
7. Was the application useful in your opinion? Why? 
8. Did you notice any usability issues while using the application? If you did, 
please describe what kind of issues were those. Please rate severity of the 
problems in the following scale: 
1. Not a usability problem at all  
2. Cosmetic problem only 
3. Minor usability problem 
4. Major usability problem 
5. Usability catastrophe 
*** Page break *** 
9. What features of the application did you like and didn’t like? Why? 
10. Did the application lack some features or functionalities in your opinion? 
*** Page break *** 
11.  What kind of feelings and/or thoughts did you experience while using the ap-
plication? 
12.  Do you think that this application could be recommended for other craft sci-
ence students to use in their studies? Why or why not? 
*** Page break *** 
13. Grade the application in scale of 4 to 10.  
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Appendix F: Written instructions for iPad recording in Finnish (Fi) and in 
English (En) 
 
Please note that the images presented in this appendix are smaller than in the 
original instructions and therefore harder to read. 
(Fi) Laitoksen iPadeihin on asennettu Shou-niminen ohjelma, jolla tallennus 
tehdään. Ohjelma löytyy seuraavan kuvakkeen alta:  
(En) You have been provided with an iPad that has an application called Shou 
installed. Shou is used for the screen recording and it can be found by tapping 
the following icon: 
 
Tallentaminen tapahtuu aina seuraavasti:  
1. (Fi) Avaa Shou, avattuasi ohjelman näät alla olevan kuvan mukaisen 
näkymän. Jos näkymä on muu kuin alla oleva, paina alapalkissa olevaa 
Shou-kuvaketta (sinisenä kuvassa).  
(En) Launch Shou and you will see the screen presented in the following pic-
ture. If the screen looks different pres the blue Shou icon in the bottom bar 
(blue icon in the picture). 
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2. (Fi) Valitse Start Recording kohdassa oleva i-nappi ja tarkista, että tallen-
nuksen asetukset näyttävät seuraavan kuvan mukaisilta. Muuta niitä tarvit-
taessa. Kun asetukset on oikein, palaa takaisin edelliseen ruutuun. 
(En) Tap on the i-button located in the Start recording bar. Check that the 
settings for the recording are the same as in the picture below. If not, 
change the settings. When the settings are correct return to the previous 
window.  
 
3. (Fi) Aloita tallennus painamalla "Start Recording". Ohjelma näyttää 
seuraavaksi alla olevan kuvan mukaisen ikkunan, paina OK  
(En) Start recording by tapping on “Start Recording”. The application 
will give you a note (presented in following picture). Tap on OK. 
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4. (Fi) Tallennus on nyt päällä ja voit aloittaa suunnittelun. Tallennuksen aikana 
ruudun yläreunassa näkyy kapea punainen palkki (ks. kuva alla). Tästä 
palkista pääset takaisin tallennusohjelmaan, kun haluat pysäyttää tallen-
nuksen. Tallennuksen saa lopetettua painamalla "Stop Recoding" (näkyy 
kuvassa yllä). 
(En) Recording is now on and you can begin designing. Durigng recording a 
narrow red bar is visible at top of the screen (see picture below). By tapping 
this bar you can return to the recording application when you are ready and 
want to stop recording. Stop the recording by tapping on “Stop Recording” 
(visible in the above picture).  
 
5. (Fi) PALAUTA TALLENNUSTIEDOSTOT HETI KUN LOPETAT TALLEN-
NUKSEN! Ks. ohjeet seuraavalta sivulta "iPad-tallenteiden palautus". 
(En) RETURN THE RECORDING FILES AS SOON AS YOU STOP RE-
CORDING! See instructions on next page “Returning iPad recordings”  
*** Page break *** 
(Fi) Kun olet lopettanut tallennuksen valitse Shou-ohjelman alapalkista kohta 
"Recordings", näkyviin ilmestyy lista kaikista kyseisellä iPadilla olevista tallen-
teista (kuva alla). Tallenteet on nimetty päivämäärän mukaan. Etsi tallenteista 
oma tallenteesi (viimeisin tallenne) ja palauta sen tiedot Moodlen palau-
tusalueelle "iPad-tallenteiden palautus". 
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Kirjaa jokaisesta tallenteesta seuraavat tiedot: 
 Ohjelman nimi 
 iPadin numero, jolla työskentelit TÄRKEÄ! (löytyy iPadin takana 
olevasta tarrasta) 
 Tallenteen nimi / tallenteiden nimet TÄRKEÄ! 
Voit muokata palautusta niin monta kertaa kuin haluat, eli tiedot kannattaa kirjata 
heti jokaisen suunnittelukerran jälkeen. 
Esimerkki: 
 iWeaveIt 
 iPad nro. 7 
 2015-04-01_13:27:52.MP4 
(En) When you have finished a recording choose “Recordings” from the bottom 
menu bar of Shou application. You will be presented with a list of all Shou re-
cordings in your iPad (see picture below). Locate your latest recording and post 
the details of the recording to Moodle assignment submission area called “Sub-
mission of iPad recordings”. 
Enter the following information about every recording: 
 Name of the application you used for designing 
 Number of the iPad that you used, IMPORTANT! (You can find the 
number from a sticker behind the device) 
 Name of the recording / recordings IMPORTANT! 
You can edit the submission as many times as you like. It’s recommended that 
you enter the information after every individual recording. 
An example of entered information: 
 iWeaveIt 
 iPad number 7 
 2015-04-01_13:27:52.MP4 
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Appendix G: Written instructions for screen recording on Windows desktop 
and laptop computers in Finnish (Fi) and in English (En) 
Please note that the images presented in this appendix are smaller than in the 
original instructions and therefore harder to read. 
 
(Fi) Windows-koneilla tallennus tehdään VLC Media Player -ohjelmalla. Jos 
konellasi ei ole VLC Media Playeria saat sen ladattua alla olevasta linkistä. 
Ohjelma on ilmainen. 
http://www.videolan.org/vlc/ 
  
Kun haluat aloittaa tallennuksen avaa VLC Media Player ja käy läpi kaikki seuraa-
vat vaiheet ennen jokaista tallenuskertaa: 
(En) In Windows desktop or laptop computers the recording is done with VLC 
Media Player -software. If you don’t have VLC installed in your computer, you 
can download it from the link below free of charge. 
http://www.videolan.org/vlc/ 
Every time when you want to begin recording, open VLC Media Player and go 
through all steps explained below. 
1. (Fi) Valitse ohjelman pääikkunan ylävalikosta Media → Open Capture De-
vice 
 
(En) Select Media → Open Capture Device from VLC’s top menu. 
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2. (Fi) Näyttöön ilmestyy uusi ikkuna. Valitse ikkunasta ensin seuraavat aset-
ukset: 
 Device Selection: Desktop 
 Desired frame rate for the capture: 12,00 f/s 
Klikkaa sitten Play-nappulan vieressä olevaa pudotusvalikon nuolta ja 
valitse "Convert" 
 
(En) You will be presented with a new window. Make the following configura-
tions: 
 Device Selection: Desktop 
 Desired frame rate for the capture: 12,00 f/s 
When the configurations are done, click on the downward triangle arrow 
next to Play button and choose “Convert” 
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3. (Fi) Näyttöön ilmestyy uusi ikkuna. Tarkista, että kohdassa Profile lukee: 
"Video -H.264 +MP3 (MP4)". Valitse seuraavaksi "Browse" määritelläksesi 
mihin haluat tallentaa videon. 
 
(En) A new window will appear. Make sure that the Profile is set to "Video -
H.264 +MP3 (MP4)". Choose “Browse” to choose to where you want to save 
the video file. 
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4. (Fi) Näyttöön ilmestyy uusi ikkuna. Etsi (tai luo) haluamasi tallennuskansio ja 
kirjoita tallenteelle tiedostonimi. Nimi olisi hyvä olla muodossa: 
Etunimi_Sukunimi_Ohjelma_Päivämäärä. Paina Tallenna (Save) 
(En) A new window will appear. Locate (or create) the desired folder and 
name the recording file. It’s recommended that the name is in following for-
mat: Firstname_Lastname_Application_Date. Click on Save. 
 
5. (Fi) Paina tämän jälkeen Start ja tallennus alkaa. Älä sulje VLC-playeria 
tallennuksen aikana vaan anna sen olla rauhassa auki (kuvake näkyy 
koneesi työkalurivillä). 
(En) Click on Start and VLC starts recording you screen events. Let VLC 
run on background (VLC icon is visible on taskbar). Do not close VLC 
during recordin! 
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6. (Fi) Kun haluat lopettaa tallennuksen sulje VLC-player. Video-tiedosto on 
nyt tallentunut aikaisemmin valitsemaasi kansioon ja voit palauttaa sen (ks. 
ohjeet seuraavalta sivulta "Windows-tiedostojen palautus") 
(En) When you want to stop recording close VLC-player. The video file has 
now been saved to the destination folder you chose earlier and is ready to 
be submitted for evaluation. (see instructions on next page). 
*** Page break *** 
(Fi) Windows-tallenteet palautetaan yliopiston verkkolevylle ryhmähake-
mistoon. 
Ryhmähakemiston löydät P-asemalta (AD groups) 
Hakemiston nimi: *** 
Hakemistoon pääset viemään tiedostoja useilla eri tavoilla: 
 Yliopiston käyttäjätunnuksilla selaimessa käytettävän VPN-portaalin kautta 
osoitteessa  http://www.vpn.helsinki.fi/  Lisätietoja: http://www.hel-
sinki.fi/helpdesk/ohjeet/tietoliikenne_ja_etakaytto/yhteydet_yliopis-
ton_ulkopuolelta/vpn_portaali.html 
 Suoraan yliopiston koneiden tiedostohallinnasta. Voit tuoda videotiedostot 
tikulla mukanasi ja ladata ne yliopistolla ryhmähakemistoon, jolloin sinun ei 
tarvitse odottaa mahdollisesti pitkiä lautausaikoja. 
 Omalle koneelle asennetun VPN-yhteyden kautta. Lisätietoja: 
http://www.helsinki.fi/helpdesk/ohjeet/tietoliikenne_ja_etakaytto/yhteydet_yli-
opiston_ulkopuolelta/ 
 (En) Windows recordings should be submitted to group directory in uni-
versity’s network drive. 
You will find the group directory from P-drive drive (AD groups) 
Name of the directory: *** 
You can access the group directory using one of the methods below: 
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 Using browser-based VPN-portal at http://www.vpn.helsinki.fi/ (for more 
information refer to http://www.helsinki.fi/helpdesk/ohjeet/tiet-
oliikenne_ja_etakaytto/yhteydet_yliopiston_ulkopu-
olelta/vpn_portaali.html  
 Directly from one of the university’s computers. You can bring the files to 
university for example in USB flash drive and copy the files to the group 
directory. This method eliminates the possible long upload times. 
 Using VPN-client software installed to your computer. For more infor-
mation refer to: http://www.helsinki.fi/helpdesk/ohjeet/tiet-
oliikenne_ja_etakaytto/yhteydet_yliopiston_ulkopuolelta/  
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Appendix H: Codingbook for the qualitative content analysis of the re-
search data 
The first column (M) defines the main category that the codes belong to. 
Codetypes (T):  
 P represents a subcategory for the main category i.e. parent codes used 
in coding 
 D represents a descriptive code further defining the corresponding parent 
level code 
Formulation of a code (F): 
 D for a deductively formulated code 
 I for a inductively formulated code 
Data sources: 
 Q1: Questionnaire 1 
 Q2: Questionnaire 2 
 W1: Design process descriptions (writing task one) 
 W2: Reflective texts 
 V: video data 
 
M Code T F Description and usage Example 
C
o
m
p
a
ri
s
o
n
 
comparison 
P I 
Remarks made that include com-
parison to other applications or 
design methods. 
Q2: B: Usually I design drawing 
by hand, so testing different col-
ors and patterns takes more time 
and is more laborious. 
pen and pa-
per 
D I 
Remarks made that include com-
parison to pen and paper. 
Q2: F: it’s just a jolly version of 
pen and paper 
to other ap-
plications 
D I 
Remarks made that include com-
parison to other applications. 
Q2: C: I used the application like 
an image editing software 
D
e
s
ig
n
 c
o
n
te
x
t 
abnormal 
design con-
text 
P D 
A participant describes that the 
design context or way of design-
ing was abnormal for her. 
Q2: D: Didn’t correspond to my 
normal way of designing 
normal de-
sign context P D 
A participant describes that the 
design context was normal for 
her. 
Q2: B: Design context corre-
sponded to my usual way of de-
signing. 
location 
P D 
Remarks made that describe a 
location where designing took 
place. 
Q2: E: I tested the application at 
home. 
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bus, train 
etc. 
D I 
Designing took place in a public 
transportation vehicle 
Q2: F: I used it at public transpor-
tation vehicles 
home 
D I 
Designing took place at partici-
pant’s home 
Q2: E: I tested the application at 
home. 
school 
D I 
Design took place at the univer-
sity 
Q2: E: I used the application […] 
at university 
several 
D I 
Designing took place in several 
places 
Q2: D: I used the application in 
quite many different locations. 
mood 
P I 
Descriptions of the mood and at-
mosphere of the design context 
Q2: A: I used the application at 
home, in circumstances where I 
had enough time to calm down. 
Music played in the background 
and I had brewed some coffee 
for me. 
D
e
s
ig
n
 p
ro
c
e
s
s
 
aesthetics 
P I 
Remarks made that describe 
aesthetics design 
W1: A: I used most time to [de-
signing] overall appearance 
color design 
P I 
Design action in video data that 
displays designing with colors, 
remarks made about designing 
with colors 
W1: B: To my first pillow case I 
wanted subdued colors but also 
an effect color. 
design con-
straints 
P I 
Remarks made about issues that 
constrained the design 
W1: G:  My design process pro-
ceeded in conditions set by get-
ting to know and learning how to 
use the iPad.   
experiment-
ing 
P I 
Design action in video data that 
shows experimenting, such as 
testing colors or patterns in a 
quick phase; remarks made 
about experimenting in written 
data. 
W1: B: I experimented with dif-
ferent patterns and color combi-
nations 
first mental 
image 
P I 
Descriptions and remarks made 
about a first mental image that a 
participant had about their de-
sign. 
W1: C: I had a fair image of the 
pattern in my mind. 
further de-
velopment 
of ideas 
P I 
Design action in video data that 
shows further development of 
participant’s previous design 
idea; remarks made about fur-
ther development of ideas in the 
written data 
W1: B: I decided to make the 
saw-edged pattern littlebit wider 
and more lively colored than the 
one in the first design. 
inspiration 
P I 
Descriptions of inspiration 
sources and gaining inspiration 
W1: B: I browsed through the in-
ternet and read craft magazines 
[to gain inspiration]  
material 
conscious-
ness P I 
Descriptions of taking materials 
into consideration, descriptions 
related to haptic touch, remarks 
made about experimenting with 
real materials. 
W1: C: The product choise af-
fected the material choise which 
then affected the design of the 
pattern. 
mental level 
designing 
P I 
Descriptions of design habbits or 
actions that represent designing 
in mental level, without design 
tools or real materials. 
W1: G: Designing took place in 
mental level 
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sketching 
P I 
Remarks made by participants 
regarding sketching 
W1: C: Versions [of the design] 
came and went 
structural 
design 
P I 
Design action in video data that 
displays structural design, re-
marks made about structural de-
sign 
W1: B: I decided to make the 
saw-edged pattern littlebit wider 
new blank 
design 
D I 
A new, blank design is started in 
video data 
 
start from 
previous 
sketch 
D I 
New sketch is started from previ-
ous sketch in video data 
 
sketch 1 
...sketch 9 
D I 
Number of a sketch displayed in 
video data. A sketch is defined 
as a new sketch if a participant 
starts from scratch, derives a 
new version of design from a pre-
vious sketch that she saved, 
started a new blank design after 
previous sketch or clearly took a 
new direction in idea develop-
ment. 
 
less experi-
mental 
D I 
Remarks made about design ac-
tion that was less experimental 
than participant’s normal way of 
designing or design action with 
another application 
Q2: H: I faced so many obstacles 
that those totally discouraged me 
and didn’t encourage me to carry 
on and try new things.   
more exper-
imental 
D I 
Remarks made about design ac-
tion that was more experimental 
than participant’s normal way of 
designing or design action with 
another application 
Q2: D: The application encour-
aged towards more experimental 
designing 
no action D I Periods of no action in video data  
U
s
a
b
ili
ty
 
context cov-
erage 
P D 
Remarks made abot context cov-
erage of an application (ISO/IEC, 
2011) 
Q2: D: I designed knitting pat-
terns for my daughter’s sweater, 
for this the application suited 
well. 
efficiency 
P D 
Remarks made regarding appli-
cation’s efficiency (Nielsen, 
1993, pp. 26-37) 
Q2: B: designing with the appli-
cation was easy and quick. 
errors 
P D 
Remarks made regarding errors 
in an application (Nielsen, 1993, 
pp. 26-37) 
Q2: H: Saving feature worked 
any which way 
learnability 
P D 
Remarks made regarding 
learnability of an application 
(Nielsen, 1993, pp. 26-37) 
Q2, A: Knitting iCharts is a sim-
ple application that is easy and 
quick to learn. 
memorabil-
ity P D 
Remarks made regarding mem-
orability of an application 
(Nielsen, 1993, pp. 26-37) 
Q2: A: Remembering how to use 
the application was quick even 
after several days of not using it. 
awkward 
D I 
An application or is described 
partially or entirely as awkward. 
Q2: H: Too awkward for a short 
tempered and impatient person 
like myself. 
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clear 
D I 
An application or is described 
partially or entirely as clear or 
logical in structure. 
Q2: D: The application was very 
easy to use and clear 
complex 
D I 
An application or is described 
partially or entirely as complex. 
Q2: H:  Too complex 
easy 
D I 
An application is described par-
tially or entirely as easy to use, 
learn or memorize. 
Q1: E: Changing colors was 
easy 
slow 
D I 
An application or is described 
partially or entirely as slow to use 
or a lag is described in executing 
commands. In video data, action 
that appears remarkably slower 
that participant’s normal phase 
of action. 
Q2: C: Every now and then the 
application lagged 
user experi-
ence 
P D 
Descriptions of user experience 
(ISO, 2010) 
Q2: C: :) 
annoying 
D I 
An application is described en-
tirely or partially as annoying. 
Q2: D: […] this just annoyed me. 
boring 
D I 
An application is described en-
tirely or partially as boring. 
Q1: E: The user interface is bor-
ing 
confusion 
D I 
Remarks made about application 
causing confusion 
Q1: H: The first impression was 
“what on earth”. 
encouraging 
D I 
Participant describes getting en-
couraged because of an applica-
tion 
Q2: D: it encourage me towards 
more experimental designing in 
craft. 
frustrating 
D I 
Remarks made that using an ap-
plication was frustrating 
Q2: A: When my own skill level 
improved, using the application 
felt frustrating. 
happy D I Expressiong of being happy Q2: C: :) 
interesting 
D I 
Application is described as inter-
esting 
Q1: B: Interesting appearance 
[of the application] 
irresolute 
D I 
A participant describes being ir-
resolute 
Q1: H: I felt clumsy and irreso-
lute. 
satisfaction 
D I 
Expressions of satisfaction to-
wards an application 
Q2: E: I wasn’t very satisfied with 
the application 
unsure 
D I 
A participant describes being un-
sure 
Q2: H: I felt very unsure while us-
ing this application. 
functionality 
P D 
Remarks made about functional-
ity of an application 
Q1: B: The cut/paste feature in 
the application is very handy 
missing fea-
ture 
D I 
Remarks made about missing 
features 
Q2: B: The application didn’t 
have copy, cut and paste fea-
tures and the color palette was 
small in my opinion. 
simple 
D I 
An application or part of it is de-
scribed as simple in terms of 
functionality 
Q2: C: The application had sim-
ple basic features that functioned 
very well, including colors. 
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suggestion 
D I 
Suggestions made by partici-
pants regarding functionality of 
an application 
Q1: H: This application could 
have had video instructions. 
too simple 
D I 
An application is described as 
too simple in terms of functional-
ity 
Q2: B: I felt that Knitting iCharts 
was a bit too simple 
negative us-
ability 
P D 
All remarks that are considered 
as negative in terms of usability 
of an application. 
Q1, B: At first, the menu of the 
application was somewhat con-
fusing and hard to comprehend, 
in my opinion. It was difficult for 
me to find from where to find spe-
cific functionalities. […] 
positive us-
ability P D 
All remarks that are considered 
as positive in terms of usability of 
an application. 
Q2: D: The application was very 
easy to use and clear 
browsing 
through 
menus 
D I 
Browsing through menus in 
video data 
 
usability 
problem D I 
Descriptions of specific usability 
problems, potential usability 
problems spotted in video data 
Q1: H: In the application, there 
are difficult terms in English […] 
 
 
